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Le syndrome de l’apnée du sommeil (SAS) est un trouble grave qui se produit lorsque 
le débit respiratoire d'une personne est interrompu ou réduit de façon répétée pendant le 
sommeil, entraînant des baisses intermittentes de la saturation artérielle en oxygène. Le SAS 
a été caractérisé comme l'un des troubles médicaux les plus courants entraînant une 
somnolence diurne excessive. La somnolence et/ou la fatigue au volant sont des risques 
d'accidents de la route potentiellement mortels et peuvent remettre en question la capacité 
d’une personne à détenir un permis de conduire. Le SAS demeure un trouble du sommeil qui 
fait l'objet d'un large débat au sein des organismes responsables de la politique routière, en 
raison de nombreuses contradictions dans la littérature scientifique. Le but de cette thèse de 
doctorat est de revoir les positions des principaux pays leaders en matière des facultés de 
conduite des chez les conducteurs atteints du SAS et de proposer une approche d'évaluation 
au cas par cas qui tient compte des différences comportementales et des expériences 
individuelles chez ces patients.  
Nos travaux ont mis en lumière qu'il existe une variabilité au simulateur de conduite, 
sur les comportements au volant, ainsi que sur le nombre d’infractions commisses, entre les 
personnes atteintes du SAS. La fatigue joue également un rôle important dans les 
comportements de conduite qui semble refléter une expérience distincte de celle de la 
somnolence. De plus, notre étude ne révèle pas de profils de conduite différents entre les 
conducteurs atteint du SAS qui étaient adhérents ou non au traitement du trouble respiratoire 
du sommeil avec un appareil de pression positive continue; en effet les données n’ont pas mis 
en évidence de différence, soit une diminution de la fatigue, de la somnolence ou des 
infractions au code de la route après 6 mois de traitement.  Enfin, notre étude suggère l’usage 
d’une nouvelle mesure, plus accessible que les examens routiers et aux tâches de simulateur 
de conduite, qui inventorierait les infractions au code de la route répertoriées par une agence 
gouvernementale officielle dans un contexte ciblé d’estimation des risques de conduite chez 
le sujet avec SAS. Cet outil simple, si un accès privilégié était disponible, pourrait être utile aux 




aux cliniciens une alternative aux examens routiers et aux tâches de simulateur de conduite 
couteux et chronophages. 























Obstructive sleep apnea (OSA) is a serious disorder that occurs when a person's flow of 
breathing is repeatedly interrupted or reduced during sleep, leading to intermittent drops in 
blood oxygen saturation. OSA has been characterized as among the most common of medical 
disorders causing excessive daytime sleepiness. Sleepiness and/or fatigue at the wheel are 
unquestionably a risk for potentially fatal road accidents and a cause for questioning one’s 
ability to hold a driver’s license. OSA remains a sleep disorder that is widely debated among 
traffic policy-makers due to conflicting research findings available to them. The present study 
reviews the position of leading driving policy-making countries regarding driving competence 
among individuals with OSA; it proposes a case-by-case assessment approach that considers 
experiential and behavioural individual differences among individuals with OSA.  
This study demonstrates that there is considerable variability both in the driving 
simulator task, on actual driving behaviors and the number of driving violations among 
individuals with OSA; this makes it difficult to identify a risk profile in the sample. Fatigue, as 
an experience distinct from sleepiness, appears to play a significant role in driving behaviors. 
In addition, the present data do not reveal different driving profiles between drivers with OSA 
who were either adherent or non-adherent to continuous positive air pressure treatment of 
the sleep disorder, nor do the data show that treatment decreases fatigue, sleepiness, or the 
number of self-reported driving violations after 6 months of treatment. Finally, this study 
introduces a new and more accessible measure that mirrors all possible violations listed by the 
official government driving agency. This simple tool can be useful for clinicians to help identify 
a risky driver with OSA and may present an alternative to expensive and time-consuming road 
tests and driving simulator tasks.  
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According to the Centers for Disease Control and Prevention, an estimated 1 in 25 adult 
drivers report having fallen asleep while driving in the previous 30 days.1 It is estimated that 
drowsy driving was responsible for claiming 846 lives in 2014 in the U.S. alone.2 The literature 
shows that drivers with untreated sleep disorders, such as Obstructive sleep apnea (OSA), are 
more likely to drive drowsy. The American Academy of Sleep Medicine (AASM) claims that 
fatigue and sleepiness are inherent public safety risks and that government officials, medical 
professionals, and law enforcement officers should work together to address this issue.3 The 
following 3 chapters aim to further our understanding of driving and OSA in order to better 
identify those individuals with OSA who are the riskier drivers. 
The first chapter is an integrative review paper that introduces the subsequent 
chapters. It describes the characteristics of OSA along with its cognitive and physiological 
effects. The purpose of the review is to present the different driving policies regarding OSA 
that are currently being adopted, citing sources that influenced the decision-making process 
of these guidelines. The chapter also discusses the need for more accurate and expedient 
measures to assess driving risk.  
The second chapter is an original research paper that reflects on the different 
symptomatic experiences in drivers with newly diagnosed OSA. The focus is on sleepiness and 
fatigue as separable symptom constructs, and how CPAP treatment later affects these 
experiences. To assess driving behavior and risk, data were collected from official SAAQ driving 
records, polysomnography, and questionnaires.  
The third chapter, also an original research paper, introduces a simple measure 
developed for clinicians as a screening tool to assess fitness to drive in individuals with OSA. 
We evaluate whether the derived Driving Violations Inventory (DVI) can (a) identify driving 
behaviors that are specific to higher and lower risk drivers, and (b) verify whether DVI 




The American Academy of Sleep Medicine has been advocating to include government 
officials, medical professionals, and law enforcement officers in addressing driving safety 
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Determinants of policy decisions for non-commercial drivers 
with OSA 
 
An integrative review 
 
Abstract 
Excessive daytime sleepiness and reduced cognitive functioning secondary to 
obstructive sleep apnea (OSA) have been identified as an important health-related risk in 
commercial transportation with, possibly, an increased chance of road accidents. This has 
resulted in a variety of policies and restrictions imposed on commercial drivers. Here we 
review current knowledge to assess whether available data are sufficient to guide policy 
decisions concerning restrictions for non-commercial drivers. The review shows that there is a 
lack of uniformity among different consensus conferences and guidelines as to how to deal 
with drivers with OSA. Clear guidelines are limited and few are evidence based. It is unclear 
which aspect of OSA is the most valid measure of severity (e.g., apnea-hypopnea index vs 
oxygen desaturation index). Traditionally, sleepiness has been invoked as a major risk factor 
for impaired driving. Recently, there also has been an awareness that daytime fatigue, as 
distinct from sleepiness, has an impact on driving behavior. However, the precise effect of 
fatigue on driving, as well as its role in the formulation of guidelines, remain to be evaluated. 
We conclude that there are at least two major difficulties for the driving recommendation 
process: a) there is no accurate metric quantifying severity of driving risk associated with OSA, 
and b) there are substantial individual differences among those with OSA, both experiential 







Obstructive sleep apnea (OSA) is common and often underrecognized in the general 
population. It affects up to 10% of the middle-aged population and potentially up to 50% of 
adults over age 60.1,2 Symptoms of OSA are widespread and include cognitive dysfunction, 
depression, anxiety, memory problems and insomnia. Also related to OSA are health risks such 
as hypertension and obesity, or illnesses such as diabetes and cardiovascular disorders.3-7 Of 
particular relevance to driving, excessive daytime sleepiness secondary to OSA has been 
identified as an important health-related risk in commercial transportation8-13 with, possibly, 
an increased chance of road accidents due to impairments in vigilance, concentration, 
memory, and executive function.14 The objective of the present review is to summarize the 
state of knowledge about OSA and risk-related driving behavior among non-commercial 
drivers. We will attempt to assess current limitations regarding sleep disorder and driving 
research (e.g., low ecological validity, unclear guidelines for non-commercial drivers with OSA) 
and present potential directions, including: identification of risky drivers, modification of risky 
driving behaviors and prediction of potentially dangerous driving circumstances. To this end, 
we will evaluate the current state of knowledge on driving policies for individuals with OSA and 
whether it is sufficient to guide policy decisions about non-commercial drivers who suffer from 
OSA. 
We will first describe the physiological and cognitive effects of OSA with a focus on 
potential consequences for neurocognitive and behavioral functioning that can be relevant for 
driving tasks and behaviors in non-commercial drivers. This is followed by a section on the 
association of motor vehicle accidents and risk-related behaviors for drivers with OSA. The final 
section critically reviews how fitness to drive has been evaluated in OSA patients and the 
implications for future advances. 
What is OSA and why is it so important to diagnose? 
OSA is a serious sleep disorder characterized by recurrent episodes of partial or 




changes and destabilization of respiratory control.2 The reduction of airflow often leads to 
changes in gas exchange and recurrent arousals from sleep. This chronic condition is a severe 
risk factor for morbidity and mortality, mainly due to intermittent drops in blood oxygen 
saturation.2,15,16 Intermittent hypoxia is reported to promote oxidative stress by increasing 
production of reactive oxygen species and angiogenesis, increasing sympathetic activation 
with blood pressure elevation, and both systemic and vascular inflammation with endothelial 
dysfunction. All these are variably related to risk of chronic morbidity and mortality in the form 
of cardiovascular disease, metabolic dysfunction, cognitive decline, and selected cancer 
progression.17-20  
When an apnea or hypopnea event is prolonged, the effort to restore breathing causes 
cortical arousal and consequent disruption of the sleep architecture and of its continuity.16,21 
Because OSA causes both hypoxia and sleep disruption, its impact is widespread, affecting 
multiple organs and regulatory systems.16 Untreated OSA can lead to high blood pressure, 
stroke, heart failure, diabetes, depression, and other serious health issues.22-31 Over time, 
repetitive hypoxia may lead to structural changes in the brain which maintain breathing 
instability during sleep.16,17,21,32  
Under normal circumstances, the majority of sensory outputs capable of modifying 
breathing are down-regulated at sleep onset. The control of breathing transitions to being 
predominantly chemical in which the level of carbon dioxide in the blood is a critical mediator 
for regulating ventilation.16 In the case of OSA, rapid return to arousal during an apnea event 
is essential to restore breathing. However, too frequent arousals during sleep create instability 
in respiratory control and may contribute to risk of sleepiness during wakefulness. The 
instability of breathing control also affects the systemic circulation and oxygen delivery. One 
study suggests that the structural changes in OSA may consist of a mixture of irreversible 
atrophy, cell death and non-lethal pathology (i.e., inflammation); this seems to contribute to 
central nervous system dysfunction as well as to psychological and physiologic comorbidities.33 
More specifically, results showed abnormalities in metabolite ratios in frontal lobe white 




Although the metabolite concentrations were not significantly correlated with neurocognitive 
test results, significant correlations were found with the severity of OSA.33 Cognitive 
functioning (attention, reaction time, memory, executive function, mental status, visual 
function) is associated with driving outcome measures in studies measuring crash risk.34,35 
Potential physiological and cognitive effects of OSA-induced sleep and 
respiratory disruption 
It has been demonstrated that neurocognitive deficits occur with high frequency in 
OSA. These deficits can affect any cognitive domain, such as learning, memory, and attention 
and can increase the risk of dementia in older adults.36 One study found that slower reaction 
time, decreased brain activation in areas involved in arousal and attention, impaired response 
selection, motor response, and decision making were all significantly associated with the 
apnea/hypopnea index (AHI), but not with the oxygen desaturation index (SpO2).37 These 
findings imply that it is the AHI and the neurological component of OSA that drives impaired 
performance rather than SpO2 levels. Another study on the cognitive profile of OSA reported 
that as compared with controls, patients with OSA have more lapses and/or increased reaction 
times in tasks requiring sustained attention, selective attention or vigilance.5 On the other 
hand, aspects of language were preserved and no specified deficit was found for psychomotor 
speed. This researcher suggests that vigilance and attention deficits could influence other 
cognitive aspects (e.g., executive function, episodic memory, psychomotor speed, fine motor 
coordination).5  
Importantly, the previous study also noted that common comorbidities found in OSA 
patients (i.e., obesity, diabetes, hypertension, etc.) are known to be independently associated 
with cognitive deficits and may also contribute to the decline of neurocognitive function in 
OSA patients. Such observed associations highlight the complex interrelationship of systems 
and risk factors. Sleep disordered breathing, disrupted sleep, insulin resistance, psychological 




cognitive impairment. Cognitive deficits in patients with OSA have been well demonstrated, 
but the pathophysiology of these deficits is still controversial.  
OSA and risk-related driving behavior in non-commercial drivers  
There have been significant recent advances in understanding the role of OSA in non-
commercial driving performance and in individuals with OSA and their related risk (e.g.,38-43). 
Nevertheless, evidence-based recommendations remain a challenge.44 Motor vehicle crashes 
in non-commercial drivers are too few to support the need for expeditious diagnostic 
evaluations or removal of driving privileges.44,45 Both the American Thoracic Society and the 
Canadian Thoracic Society have noted that there is no compelling evidence supporting the 
need to restrict driving privilege of patients with OSA.46,47 This was based on the examination 
of current evidence, which is of moderate quality due to lack of definitive studies and limited 
accessibility to regional motor vehicle crash registries.  
Despite the lack of evidence, important policies are currently established around the 
world, influencing how health practitioners are to treat their patients with OSA. As summarized 
in Table 1, various research and policies have been developed, independently, in Australia, 
Belgium, Canada, France, and the U.S.A. Although these are among the leading countries in 
driving research, such policies have been built on the best evidence available at that time and 
most derive from consensus based on opinion and experience. It is to be noted that the 
European Union has issued a basic document that constitutes a minimum set of rules that 
every member state needs to follow that were not included in Table 1.47,48 These 
recommendations for non-commercial drivers focus on screening, assessment tools and 





Current clinical guidelines and policies regarding OSA and driving 
American Thoracic Society 
Clinical practice guidelines provided by the American Thoracic Society state that 
moderate to severe daytime sleepiness could be one indication of high-risk driving.47 This 
statement highlights the importance of assessing sleepiness in newly diagnosed OSA patients, 
whatever the level of OSA severity. 
Canadian Thoracic Society and Canadian Sleep Society 
These two societies published position papers which state that there are no clear 
clinical guidelines for non-commercial drivers and that assessment should be made on a case-
by-case basis.46 Apnea/hypopnea index, self-report sleepiness measures and objective 
daytime performance measures all show at best weak correlation with motor vehicle crash 
risk46. The recommendation is that a qualified sleep specialist would be best able to assess 
driver risk related to OSA.  
Obstructive sleep apnoea working group  
In 2013, in Brussels, this group published the new standards and guidelines for drivers 
with obstructive sleep apnoea syndrome.49,50 Recommendations focus on commercial drivers 
and suggest periodic training sessions on OSA, physiology of sleep, vigilance, sleepiness at the 
wheel, and other related topics. The recommendations were based on information about the 
characteristics and risks of OSA and the association between OSA and (assumed) increased risk 
for motor vehicle crashes. These recommendations were primarily directed toward various 
interest groups (e.g., commercial drivers, employers of commercial drivers, medical 
professionals, road police departments and related personnel). 
Aerospace medical association 
Although not directly related to driving, a recent position paper on transportation 
related occupations argues that the associations between OSA, obesity and cognitive 




obese.49 Based on commercial driver data, these researchers highly recommend such 
screening for the airplane pilots, with the goal of improving aviation safety.  
Although some of the above-mentioned studies and recommendations were based on 
commercial drivers, they have had an influence on European and North-American policies 
related to non-commercial drivers, whose driving practices are quite different.  
OSA and motor vehicle crashes  
A survey covering 19 European countries collected self-reported sleep-related data that 
included driving behavior, history of drowsy driving and accidents in non-commercial drivers. 
The data implicated self-reported drowsy driving as a major safety hazard. Individual 
determinants of falling asleep while driving were younger age, male gender, driving exposure, 
higher daytime sleepiness and high risk of OSA.50 Both American and Australian studies 
reported inattentiveness, fatigue and sleepiness as major contributors to police-reported 
motor vehicle crashes leading to death and injury.51,52 A second Australian study supported 
the association between OSA and increased daytime sleepiness, and decreased vigilance, with 
a 2- to 7-fold increased risk of motor vehicle crashes. However, results from that study 
indicated that only 40% of subjects with OSA who were non-commercial drivers displayed 
impaired performance on a driving simulator task after provocation by sleep loss or alcohol.53  
Ward et al.54 investigated whether the risk of motor vehicle car crashes was higher in 
patients with OSA than in the general community and, if so, the nature of the risk. Participants 
were recruited from a sleep research centre, prior to clinical and polysomnographic evaluation. 
Using polysomnography, driving simulation and questionnaires, the researchers evaluated 
relationships between self-reported near-misses and self-reported motor vehicle car crashes 
with OSA severity, degree of daytime sleepiness, and other potential risk factors. Results for 
2673 participants with OSA showed that: 1) subjects with untreated OSA (AHI >5 events per 
hour) self-reported crashes at a rate three times higher (0.06 motor-vehicle crashes/year) than 
the healthy individuals (0.02 motor-vehicle crashes/year); 2) among the predominantly male, 
middle-aged, and obese participants,11% with OSA reported having a crash because they felt 




due to sleepiness; and 4) 32% reported having fallen asleep behind the wheel. In addition, a 
strong overall association between sleepiness and increased rate of reported near-misses was 
found. 
OSA, obesity, and motor vehicle crashes 
According to the World Health Organization, in 2014, 13% of the world's adults were 
obese. OSA is estimated to affect over 100 million adults in the world. In 2007, a group of 
researchers stated that obesity is the most important risk factor for OSA and that it is estimated 
that 70% of patients with OSA are obese.55 An important study by Teràn-Santos et al.56 showed 
a strong association between OSA (measured by AHI) and increased driving accidents among 
non-commercial drivers, after adjustment for potential confounders such as body-mass index. 
However, the researchers did not evaluate whether obesity itself was a risk factor for road 
accidents. This was later addressed in a review by Kay and McLaughlin,57 who reported that 
obesity is associated with increased crash risk and increased risk of serious or fatal injury, but 
that treatment of OSA improved driving performance and reduced crash risk, independent of 
obesity. Given the high prevalence of OSA in obese individuals, the review highlights the 
likelihood of obese drivers falling asleep while driving or having impaired critical driving-
related abilities such as reduced vigilance (i.e., attentional lapses measured by 
electroencephalogram (EEG)).57  
One relatively recent study found that obese individuals with OSA had a twofold higher 
risk of traffic accidents than healthy comparison individuals. Increased neck circumference and 
excessive daytime sleepiness were predictors of higher accident risk in non-commercial drivers 
with OSA.58 Another study did not find an association between body mass index (BMI) or 
hypoxemia and risk of near-miss or crash but did find an association between neck 
circumference, (another commonly used measure for obesity) and crash risk.59-61  
In a prospective study examining the association between obesity and cognition, 
Gunstad et al.62 found that many obese patients showed impaired performance on cognitive 
testing before having bariatric surgery. Specifically, obese patients had cognition scores in the 




patients who underwent surgery had improved memory performance at 12-week of follow-up 
(within the average or above average range for all cognitive tests) while those who did not 
have the surgery had a decline in memory performance.62 Of relevance to driving, the obese 
patients who underwent bariatric surgery improved on attention, compared to obese patients 
who did not undergo the surgery. In addition, they reported that patients without 
hypertension who underwent bariatric surgery had better short delay recall at 12-week than 
those with hypertension.62 A systematic review by Sarkhosh et al.63 concluded that for obese 
patients with OSA, bariatric surgery improves or resolves OSA in a majority of such patients. 
The potential outcome of bariatric surgery is valuable as a proof of concept for demonstrating 
the effects of obesity on cognitive functioning.  
A 2008, study proposed three key factors in the association between obesity and OSA: 
1) obesity may narrow the airway resulting in the block of airflow, 2) higher leptin has an 
impact on the distribution of fat, and 3) obesity may also be a result of OSA (ex.: lack of 
energy).64 These findings are supported in a more recent systematic review which highlighted 
OSA as a disorder associated with morbidity.63 Obesity has been shown to be associated with 
subjective and objective sleepiness independent of sleep apnea.65 Daytime sleepiness and 
fatigue are frequent complaints among obese individuals, even among those who do not 
demonstrate OSA. 
 
OSA and driving behavior: sleepiness and fatigue 
A recent important finding demonstrated considerable interindividual variation in 
daytime sleepiness and neurobehavioral impairment among OSA patients.53 It was found that 
participants with and without OSA were significantly different on psychomotor vigilance tasks 
(mean auditory reaction time test, lapse frequency test). It was also shown that driving 
simulator performance varied widely among patients with OSA: 60% of OSA patients showed 
trait-like resistance to performance impairment in a driving simulation task when stressed with 
sleep restriction or alcohol. They were also able to sustain attention and steer normally to 




of impairment was not explained by OSA severity (i.e., AHI, hypoxemia, frequency of arousals), 
that many patients with OSA reported little or no daytime sleepiness, and that many 
individuals with OSA had driven for several years without incident.53 Paradoxically, the study 
also showed that some individuals with mild AHI were more affected by sleepiness. 
Last year, the National Sleep Foundation published a consensus statement that healthy 
individuals who have slept for 2 h or less in the preceding 24 h are too impaired to operate a 
motor vehicle without risk of motor vehicle accidents.66 A Canadian study involving a random 
sample of commercial drivers revealed that chronic short sleep duration is a risk factor for 
neurobehavioral performance impairments, while the results for OSA were less clear.65 The 
study consistently showed that neurobehavioral performance has a differential susceptibility 
to the effects of sleep deprivation, and that the performance of some individuals is quite 
impacted by sleep deprivation whereas other subjects are relatively resistant. 
Recommendations were made to not only test commercial drivers for OSA, but to assess sleep 
durations among commercial drivers.46  
In addition to sleepiness, other behavioral aspects of OSA may include, as mentioned, 
neurocognitive deficits (vigilance, concentration, memory impairments, and executive 
function), psychological problems (anxiety, depression) and a history of driving accidents.14 
However, people with OSA do not have a uniform pattern of sleepiness nor of neurocognitive 
deficits, and they are capable of some behavioral resilience.4 Measuring the deficits in OSA 
remains a challenge because it is unclear whether oxygen desaturation (i.e., SpO2 levels) or 
sleep fragmentation (i.e., apnea-hypopnea index or arousal index) is associated with cognitive 
dysfunction. Consequently, identifying a specific subgroup of individuals who are more 
resistant or vulnerable to cognitive deficits is also a challenge when severity of OSA alone is 
taken into account.  
Notably, the literature indicates that not only many individuals with OSA are not sleepy, 
but also that fatigue is another very common symptom associated with OSA.67 In 2008, Bailes 
et al.68 identified four subgroups among individuals with OSA characterized by combinations 




those individuals who experienced high fatigue scores, with and without high sleepiness 
scores. This configuration was associated with the most negative consequences for daytime 
performance, such as problematic perceived health-related and psychological functioning.68 
Of equal interest was the substantial number of individuals with relatively low daytime 
sleepiness and fatigue scores (i.e., below clinical cut-offs) who, despite an unmistakable OSA 
diagnosis, appeared not to complain of diminished functioning or quality of life, and to be 
similar to individuals in a healthy comparison group.3 Much of the literature does not make 
the distinction between fatigue and sleepiness41 and common language generally confounds 
the two constructs, e.g., by applying the word “tired” to one or the other.  
Another research stream has focused on exogenous, task-induced factors that interact 
with endogenous characteristics to produce drowsiness and diminish driving performance. For 
example, time-on-task and time-of-day effects have been associated with fatigue and 
deterioration of driving performance.69-72 Similarly, the impact of a monotonous, 
undemanding road environment on driver fatigue and driving errors has been demonstrated 
in driving simulation studies in which the road environment was varied (e.g.71).  
Most of the literature on driving behavior in patients with OSA refers to sleepiness 
behind the wheel, nodding off, near-miss road accidents, actual road accidents and cognitive 
impairment. No studies were found addressing driving offenses in non-commercial drivers 
with OSA (e.g., where commercial drivers were specifically excluded.72,73 Further research is 
needed to compare self-reported driving offenses and official driving records among non-
commercial drivers, with and without OSA, and to examine how risky driving behaviors among 
non-commercial drivers compare in these two groups in general, and in groups of individuals 
with OSA in particular. 
Assessing fitness to drive 
The prevalence, burden, and management of sleep disorders are too often ignored or 
overlooked by patients and clinicians. A contributing factor is that many individuals 




problems with their physicians.68,74 Because the link between sleep problems and sleep 
disorders, such as OSA, has not been made, sleep disorders are often under diagnosed and 
untreated, making this group of illnesses a serious health concern. A recent Australian paper 
discusses the importance of education and instruction among potentially dangerous drivers.75 
They found that unsafe drivers are likely to withhold from their physicians information that 
could potentially lead to an OSA diagnosis if they thought that the medical condition could 
jeopardize their driver's license. Results of that study found that more unsafe drivers will self-
report to the authorities with education and encouragement to do so.75  
A number of studies show that among primarily commercial drivers, OSA often impairs 
driving performance and increases the risk of being involved in an accident.76 Recently, a study 
looked at data from the very first large-scale, employer-mandated program to screen, 
diagnose, and monitor OSA treatment adherence in the US trucking industry. The American 
paper found that commercial drivers with OSA who were not adherent to CPAP treatment had 
a fivefold increase in the risk of preventable heavy truck crashes compared to matched 
controls.77 Moreover, after successful treatment, drivers with OSA had similar crash risk rates 
as those of controls. More importantly, truck drivers who refused treatment were 
decommissioned by the mandated employer, but likely found employment elsewhere.77 
For non-commercial drivers, driving is also an essential part of everyday life and a 
license to drive plays an important role in social functioning (i.e., employment). Current 
practice for giving advice to individuals with OSA is to link severity of OSA with sleepiness 
scores (i.e., Epworth sleepiness scale) in assessing driving risk.78 A Swedish large-scale cohort 
study found that age, driving distance, sleepiness score (ESS), short habitual sleep time and 
the use of hypnotics are associated with increased road accidents, and that severity of OSA 
was poorly associated with road accidents among non-commercial drivers.79 Furthermore, 
their data showed that whether they had a history of road accidents prior to OSA diagnosis or 
not, the severity of OSA was similar.79 
The literature notwithstanding, clinicians tend to base their decisions on historical and 




time consuming, expensive, and potentially hazardous.80 Driving simulators are very expensive 
and not widely available.81 An office-based driving simulator task could potentially aid in a 
clinician's decision-making when assessing driving risk81, but this may also not be feasible for 
most practitioners. In 2013, a group of researchers carried out a study where 118 patients, 
newly diagnosed with sleep apnea, completed a questionnaire about their driving behavior 
and undertook a driving test on the simulator. Nodding at the wheel was admitted by 35 
percent but subsequently only 38 percent of those who nodded at the wheel failed the driving 
simulation task (i.e., crash). This suggested that the experimental driving test has poor 
ecological validity.78 Clearly, the question of how to develop more accurate and expedient 
measures to assess driving risk is complex and needs to take into account more than daytime 
sleepiness or the presence and severity of a sleep disorder. Concomitant factors such as 
medication use and chronic illnesses should also be considered when assessing driving risk.82-
87 
Conclusions 
There is a lack of uniformity from different consensus and guidelines as to how to deal 
with the issue of driving by individuals with OSA. Clear guidelines are limited and few are 
evidence based. Even if recommendations were to be based on existing research, the 
conclusions from various studies were often inconsistent. For example, some suggested that 
there be some sort of cut-off in terms of sleep apnea severity to remove untreated OSA 
patients off the road in order to reduce, but not eliminate the risk completely, of road 
accidents involving OSA patients. Others suggested that it was unclear which aspect of OSA 
was the most accurate severity measure, e.g., fragmented sleep vs oxygenation.4,88 There are 
at least two major difficulties for the driving recommendation process; a) there is no accurate 
metric quantifying severity of driving risk associated with OSA, and b) studies have 
demonstrated substantial experiential and behavioral individual differences among patients 
with OSA (cf.53). 
Sleepiness while driving is undoubtedly a key issue, but, again, there exists a range of 




the literature and clinical practices/guidelines. Certainly, this review suggests that excessive 
daytime sleepiness (which could itself be due either to structural brain changes or to transient, 
context-related states) is not the only potential risk engendered by untreated OSA. 
Implications for future research directions 
It is acknowledged that OSA is very common in the adult population worldwide and 
that individuals with OSA who are not being diagnosed and treated are at an increased risk of 
dangerous driving. Fatal car crashes provide a strong rationale for advancing driving safety 
research. Nevertheless, developing a set of guidelines for drivers with OSA remains a challenge 
since it is still unclear which aspects of OSA are associated to risky driving among non-
commercial drivers. To develop comprehensive evidence-based recommendations to guide 
policy decisions, future research directions could include:  
1) Identify and differentiate which aspects of driving risk are due to cognitive and 
sensorimotor deficits caused by OSA-related changes in brain structure and which 
are due to transient somnolence and/or fatigue states among non-commercial 
drivers. One would also need to examine the modifying role of context for both 
these aspects. Furthermore, there is only speculation, but little data on whether 
structural brain changes that have been associated with OSA in fact cause particular 
types of driver error.  
2) Develop a better understanding of the interaction between OSA and its 
comorbidities (i.e., the metabolic syndrome components of hypertension, diabetes, 
and obesity) that may, themselves, lead to brain pathology and altered driving 
performance.  
3) Conceptualize driving risk as a constellation of symptoms along with their severity or 
impact. A better understanding of experiential and contextual factors (ex.: cultural 
context) and how these may be related to driving behaviors and risk assessment in 
people diagnosed with OSA, could be helpful in developing profiles of driving risk in 




developing techniques to manage driving risk, so that evaluations of driving risk 
could include recommendations of techniques to improve driving safety. 
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Tableau I.Current driving policies developed and adopted by leading countries in driving 
research. 
Country National Driving Policies Research influencing policy-making  
Australia A person is not fit to hold an unconditional 
licence if89:  
(1) the person has OSA (on a diagnostic sleep 
study and moderate to severe excessive 
daytime sleepiness), or; (2) the person has 
frequent self-reported episodes of 
sleepiness or drowsiness while driving, or; 
(3) the person has had motor vehicle 
crash/es caused by inattention or sleepiness, 
or; (4) the person, in opinion of the treating 
doctor, represents a significant driving risk as 
a result of a sleep disorder.  
A conditional licence may be considered by 
the driver licensing authority subject to 
periodic review, taking into account the 
nature of the driving task and information 
provided by the treating doctor as to 
whether the following criteria are met89:  the 
person is compliant with treatment; and the 
response to treatment is satisfactory 
Howard, M. E., Jackson, M. L., & Stevenson, M. 
(2015). Who Needs Sleep Apnea Treatment for 
Safety Critical Tasks—Are We There 
Yet? Sleep,38(3), 331. 
Vakulin, A., Catcheside, P. G., Baulk, S. D., Antic, N. 
A., Banks, S., Dorrian, J., & McEvoy, R. D. 
(2014). Individual variability and predictors of 
driving simulator impairment in patients with 
obstructive sleep apnea. J Clin Sleep 
Med, 10(6), 647-55.  
Vakulin, A., D’Rozario, A. L., & Grunstein, R. R. 
(2012). Driving Impairment and Accident Risk 
in Sleep Apnea: We Need Better Assessment 
Tools. J Sleep Disor: Treat Care 1: 1. of, 2, 2.  
Desai, A. V., Wilsmore, B., Bartlett, D. J., Unger, G., 
Constable, B., Joffe, D., & Grunstein, R. R. 
(2007). The utility of the AusEd driving 
simulator in the clinical assessment of driver 





Belgium A person with OSA who experiences 
sleepiness is unfit to drive and is responsible 
for seeking the advice of a neurologist to 
assess driving capacity and formulate 
conditions to drive 90. 
The patient with OSA can be declared fit to 
drive after effective treatment of one 
month. If the patient remains asymptomatic 
after a 2-year period, a certificate can be 
issued for an indefinite period of time. 
Anyone with OSA (moderate or severe) who 
is adherent with treatment can obtain a 
driving license.  
Before State Members deny issuing or 
extending a driving license, patients with 
suspected moderate to severe OSA should 
seek further medical advice. It may be 
instructed not to drive until the diagnosis is 
confirmed. 
In addition, the above are subject to 
mandatory periodic review of vigilance 
performance at least every three years for 
non-commercial drivers and at least annually 
for truck and bus drivers. 
McNicholas, W. T., & Rodenstein, D. (2015). Sleep 
apnoea and driving risk: the need for 
regulation. European Respiratory 
Review, 24(138), 602-606. 
Braeckman, L., Verpraet, R., Van Risseghem, M., 
Pevernagie, D., & De Bacquer, D. (2011). 
Prevalence and correlates of poor sleep quality 
and daytime sleepiness in Belgian truck 
drivers. Chronobiology international,28(2), 
126-134. 
Rodenstein, D. (2009). Sleep apnea: traffic and 
occupational accidents–individual risks, 
socioeconomic and legal 
implications. Respiration, 78(3), 241-248. 
Wittmann, V., & Rodenstein, D. O. (2004). Health 
care costs and the sleep apnea 
syndrome. Sleep medicine reviews, 8(4), 269-
279. 
O’Hanlon JF. That is the extent of the driving 
fatigue problem? In: Driving fatigue in road 
traffic accidents. Brussels: Commission of the 
European Communities; 1978. 
 
Canada No current Canadian position on driving and 
OSA46. There are significant provincial 
variations in fitness-to-drive 
recommendations. In 2014, a first Canadian 
position statement addressing the issue of 
OSA and driving at a national level was 
published as a joint task force by the 
Canadian Thoracic Society and the Canadian 
Sleep Society. Note: references pertain to 
studies influencing the position paper. 
Ayas, N., Skomro, R., Blackman, A., Curren, K., 
Fitzpatrick, M., Fleetham, J., Morrison, D. 
(2014). Obstructive sleep apnea and driving: A 
Canadian Thoracic Society and Canadian Sleep 
Society position paper.Canadian respiratory 
journal, 21(2), 114-123. 
Bigelow, P. L., Myers, A. M., Crizzle, A. M., 
Gooderham, S., Shubair, M., Thiffault, P., 
Brayham, A. (2014). Health and wellness of 




Literature review, discussion and directions for 
further research. Transport Canada. 
Motor Carrier Safety Advisory Committee. Federal 
Motor Carrier Safety Administration. Final 
Report: OSA (MCSAC/MRB February 2012 
Meeting) (Task 11-05). 
<https://www.fmcsa.dot.gov/advisory-
committees/mcsac/final-report-obstructive-
sleep-apnea-task-11-05> (Accessed May 5, 
2016). 
George, C. F., Boudreau, A. C., & Smiley, A. (1996). 
Simulated driving performance in patients 
with obstructive sleep apnea. American 
journal of respiratory and critical care 
medicine, 154(1), 175-181. 
 
France  OSA is a medical condition likely 
incompatible with obtaining, maintaining or 
may lead to the issuing of a limited driver’s 
license91.  
A driver’s license should not be granted or 
renewed for applicants or drivers suffering 
from a condition associated with functional 
disability and are a risk to road safety. The 
decision to issue or renew a license is made 
following a review of the Medical 
Commissions Department or a licensed 
physician. These bodies are entitled to add 
conditions and restrictions on driving 
licenses or to request information to better 
assess the risk.  
Prior to each medical examination, the 
driver must provide an accurate description 
Åkerstedt, T., & Philip, P. (2015). Sleep Disorders, 
Cognition, Accidents, and Performance. 
In Sleep Medicine (pp. 487-494). Springer New 
York. 
Philip, P., Sagaspe, P., Lagarde, E., Leger, D., 
Ohayon, M. M., Bioulac, B., Taillard, J. (2010). 
Sleep disorders and accidental risk in a large 
group of regular registered highway 




of medical history, any current pathology 
and any medications taken. 
A test conducted by a driving school may be 
requested. The medical officer or the 
medical committee may, after initial 
examination and if they consider it 
appropriate, request a review by the Appeal 
Medical Board. 
USA No current U.S. position on driving and OSA. 
Each U.S. state sets its own medical 
standards for non-commercial drivers.  
National Highway Traffic Safety 
Administration regulations do not 
specifically address OSA.  The 
recommendations regarding licensure are 
likely to be based on an inadequate research 
data, therefore more studies are required92. 
For commercial motor vehicle drivers, 
regulations state that a person with a 
medical history or clinical diagnosis of any 
condition likely to interfere with their ability 
to drive safely cannot be medically qualified 
to operate a vehicle in interstate commerce 
(OSA is not specifically addressed). The 
Federal Motor Carrier Safety Association 
recommends that when a person is 
diagnosed with OSA, he/she should (1) 
contact the medical qualifying examiner to 
determine his/her fitness to operate a 
commercial motor vehicle and to be advised 
on treatment, (2) be qualified by the medical 
examiner to determine a driver’s medical 
fitness for duty (the disqualifying level of 
Mukherjee, S., Patel, S. R., Kales, S. N., Ayas, N. T., 
Strohl, K. P., Gozal, D., & Malhotra, A. (2015). 
An official American Thoracic Society 
statement: the importance of healthy sleep. 
Recommendations and future 
priorities.American journal of respiratory and 
critical care medicine, 191(12), 1450-1458. 
Colvin, L. J., & Collop, N. A. (2015). Commercial 
Motor Vehicle Driver Obstructive Sleep Apnea 
Screening and Treatment in the United States: 
An Update and Recommendation 
Overview. Journal of clinical sleep medicine: 
JCSM: official publication of the American 
Academy of Sleep Medicine,12(1), 113-125. 
Kay, G. G., & McLaughlin, D. (2014). Relationship 
between obesity and driving. Current obesity 
reports, 3(3), 336-340. 
Lal, C., Strange, C., & Bachman, D. (2012). 
Neurocognitive impairment in obstructive 
sleep apnea. CHEST Journal, 141(6), 1601-
1610. 
Steinberg, C. (2002). A study of prevalence of 
sleep apnea among commercial truck drivers 
(No. FMCSA-RT-02-080). 
Hiestand, D. M., Britz, P., Goldman, M., & Phillips, 




OSA is moderate to severe), and (3) adhere 
treatment provided by their doctor93. 
sleep apnea in the US population: results from 
the national sleep foundation sleep in America 
2005 poll. CHEST Journal,130(3), 780-786. 
Langlois, P. H., Smolensky, M. H., Hsi, B. P., & Weir, 
F. W. (1985). Temporal patterns of reported 
single-vehicle car and truck accidents in Texas, 
USA during 1980-1983. Chronobiology 
International, 2(2), 131-140. 
Objectives and Hypotheses 
Objectives 
OSA is the most common medical disorder that causes excessive daytime sleepiness, 
increasing the risk for drowsy driving, according to the American Thoracic Society.47 Unclear 
clinical guidelines make driving recommendations a difficult task for medical practitioners and 
policy-makers alike. In addition, fatigue remains a term to be differentiated from sleepiness in 
both the literature and clinical practices/guidelines.  
The preceding integrative review has demonstrated that there are at least two major 
difficulties for the driving recommendation process; a) studies have demonstrated substantial 
experiential and behavioral individual differences among patients with OSA, and b) there is no 
accurate metric quantifying severity of driving risk associated with OSA.  
The following two research articles address these issues by assessing whether levels of 
fatigue and sleepiness differ in individuals with OSA from those without OSA and how they 
relate to driver performance. Furthermore, this research will assess the effectiveness of CPAP 
treatment on improving fatigue and sleepiness in drivers with OSA. To address the need for 
accurate metric quantifying severity of driving risk, we explore whether self-reported driving 





1. Individuals with OSA who are riskier drivers can be identified with psychobehavioral 
profiles and specific sleep-related parameters. 
2. Drivers with OSA who experience less fatigue and sleepiness will have similar driving 
behaviors as individuals without OSA.  
3. OSA treatment (CPAP) will decrease dangerous driving risk in sleepy and fatigued 
drivers.  
4. Questioning drivers with OSA on which of the driving violations listed by the SAAQ they 







The role of fatigue and sleepiness in drivers with obstructive sleep apnea 
 
 
Published in Transportation Research Part F: Psychology and Behaviour: 
Rizzo, D., Lavigne, G., Creti, L., Baltzan, M., Bailes, S., Fichten, C., & Libman, E. (2019). The role 
of fatigue and sleepiness in drivers with obstructive sleep apnea. Published in Transportation 
















The role of fatigue and sleepiness in drivers with obstructive 
sleep apnea 
 
Fatigue and sleepiness as two separate concepts 
 
Abstract 
The present investigation examines the role of daytime sleepiness and fatigue and how 
these relate to driving behaviors and risk assessment in people newly diagnosed with 
obstructive sleep apnea (OSA).  We recruited 47 individuals, (24 female, 23 male), between 
the ages of 25 and 71 (mean age= 51, SD=11.28). Of those, 24 individuals were newly 
diagnosed with OSA and 23 individuals were in a comparison sample with similar proportions 
of biological sex and ages, who tested negative for OSA. All participants completed 
questionnaire measures related to sleep, psychological adjustment, driving behavior, 
sleepiness and fatigue, immediately after their follow-up appointment. We collected data on 
driving violations from registered driving records for the 5 years preceding their enrolment in 
the study, as well as sleep-related data for all participants. Results show that individuals with 
OSA (M=1.08, SD=1.38) do not commit more driving violations than control participants 
(M=0.64, SD=1.26). Although drivers with OSA indicate significantly worse scores for fatigue 
(M=7.73, SD=3.71) compared with controls (M=4.26, SD=3.66), there was no significant 
difference for sleepiness between drivers with OSA (M=10, SD=3.57) and Controls (M=8, 
SD=3.69). An association between Driving violations and sleepiness was found for drivers with 
OSA – r (24) = -.45, p < .05— but   not for Controls – r (23) = -.22, p > .05. Fatigue, and sleepiness 
should be assessed as distinct constructs, and each should be taken into account separately in 






It has been demonstrated that excessive daytime sleepiness is a common symptom of 
obstructive sleep apnea.94 However, recent studies indicate that fatigue is also a very 
common complaint.95,96 Although health care providers and patients tend to use the terms 
interchangeably, the concepts of fatigue and sleepiness are not completely overlapping, and, 
in fact, can be measured separately.94,97-99 It is generally believed that sleepiness is the most 
important cause of highway accidents76,100, however, driver fatigue has been linked to 
reduced performance efficiency. Fatigue has been found to predict increased risk for error 
and lapses101,102 and to be a major cause of road accidents with implications for road 
safety.103 Treatment for OSA appears to reduce nocturnal sleep fragmentation, however it is 
unclear whether it is daytime sleepiness or fatigue that is being modified.97 
In this paper, we define fatigue as increased feelings of tiredness, decreased energy, 
motivation, and alertness.104 It has also been represented as a physical state of muscular 
exhaustion.103 Fatigue has been associated with a decline in cognitive task performance (i.e. 
accuracy, reaction time) after prolonged periods of demanding cognitive activity.104 
Depressive symptoms are strong predictor of fatigue and independently associated with 
worse fatigue in patients with OSA.105 Fatigue resolves after a period of rest.106 Sleepiness is 
defined as difficulty in maintaining wakefulness, even while carrying out activities, and is 
related to circadian and homeostatic influences (i.e. sleep pressure).107 Excessive daytime 
sleepiness can be defined as the desire or tendency to fall asleep at an inappropriate time.94 




with OSA,100,108,109  although, there are some studies that highlight the independent 
association of sleepiness and fatigue on driving behavior and risk.98,110 
This paper discusses the concepts of fatigue and sleepiness as separate constructs 
and investigates psychobehavioral associations with driver performance. The primary 
objective of the present investigation was to explore perceived fatigue and sleepiness as 
independent aspects of OSA, in a sample of non-commercial drivers. The specific questions 
addressed are: Do levels of fatigue and sleepiness differ in individuals with OSA from those 
without OSA? Do the constructs of fatigue and sleepiness relate differentially to driver 
performance? A second objective was to investigate the effect of treatment for OSA. The 
specific questions addressed are: Does treatment for OSA reduce experienced fatigue and 
sleepiness? Does treatment for OSA have an impact on driver performance? 
Material and methods 
Participants 
In an experimental prospective study design, we recruited 24 individuals (mean 
age=51.4, SD=10.9, 12 females, 12 males) who were newly diagnosed with OSA by an AASM 
sleep medicine specialist after completing a polysomnography (PSG). Within this group, the 
mean AHI was moderate (mean=36.3, SD=25.3) and the mean yearly driving distance was 
17631.3 km (SD=18628.5). A control group of 23 individuals who had similar proportions of 
age (mean =50.57, SD=11.86), biological sex (12 females, 11 males) and yearly driving 
kilometres (mean = 13007.8 km, SD=20878.1 km) was also recruited. The comparison sample 




either at the sleep clinic (e.g. accompanying partners, family members, friends) (n=6), or from 
the community through posters (n=17). We verified that no Control participant had OSA and 
that the different recruitment approaches yielded no differences on sleep parameters (Sleep 
Questionnaire), quality of life (SF-36), psychological profiles (Sleep Symptom Checklist) or 
driving parameters (Driving Questionnaire), i.e. control participants recruited from sleep clinics 
were not statistically different from control participants recruited from the community.  We 
collected baseline questionnaire data (T1) immediately after recruiting participants. All 
participants were then reassessed six months later (T2). This time lapse allowed participants 
with OSA to be re-tested after 6 months of being adherent to CPAP treatment, if treatment 
was accepted.111  
Exclusion criteria were: being a professional driver, inability to understand English or 
French, not having a valid driving license for at least 5 years, severe or acute medical or 
psychiatric condition, cardiovascular disease with end-organ effects (e.g., history of heart 
attack, stroke, and congestive heart failure) and substance abuse.  
Material 
Background Information Form 112. This measure gathers information on gender, age, 
marital status, living conditions, income information and education.  
Polysomnography (PSG). Participants with OSA were assessed by PSG in a sleep 
laboratory certified by the American Academy of Sleep Medicine and used standardized 
methods of evaluation. Apnea events and associated arousals were scored manually by 




Sleep Medicine 2012 113. We did not obtain the PSG data for participants in this study. The PSG 
reports were seen by an AASM sleep specialist who then evaluated their sleep.   
Self-reported CPAP treatment adherence of OSA subjects was assessed by telephone 
interview and was defined as the average duration of machine use, as well as percent of nights 
used.  We asked participants: 1) Are you using prescribed CPAP treatment, 2) For how many 
hours per night, 3) How many days per week, and 4) Since when? A participant was considered 
adherent if they reported following their prescribed treatment at least 4 hours per night, at 
least 80% of the time, in the 6 months preceding post-treatment testing.114-116   
Sleep Symptom Checklist (SSC) 68. The SSC is a 21-item survey of a broad range of 
symptoms that are both directly and indirectly related to sleep disorders. It is easily completed 
by patients of all ages. Participants rate each symptom for its severity from 0 (not at all) to 3 
(very severe) based on their experience during the previous month 68. Temporal stability of the 
severity ratings was found to be acceptable (total r = 0.79, p < .01). Cronbach’s alpha was 0.74. 
Factor analysis yielded four distinct subscales: Insomnia, Daytime Distress, Sleep Disorder, and 
Psychological Maladjustment (including items related to anxiety and depression). The SSC was 
also used as a screening measure to rule-out the presence of sleep disorder symptoms for 
Control participants. 
Sleep Questionnaire 117. This brief retrospective measure inquires about usual sleep 
experiences during the past typical month, including Non-Refreshing Sleep, Sleep Quality, 
Time in Bed, Total Sleep Time [TST), Sleep Onset Latency (SOL), and Wake After Sleep Onset 
(WASO) during a typical week in the past month. This tool also assesses frequency (0-7 




nocturnal awakenings. The Sleep Questionnaire has been validated in both English and 
French in our research. Data indicate good test-retest reliability: r values range from .58 to 
.92 for intervals ranging from 2 weeks to 15 months 118. High correlations between 
equivalent scores on this measure and on the Sleep Diary were also found (e.g., r = .83, .64, 
and .69 for TST, SOL, and WASO, respectively 119.  
Epworth Sleepiness Scale. This is a brief self-administered retrospective questionnaire 
of behavioral aspects of sleep tendency. It is the measure most commonly used in studies of 
OSA. Participants rate how likely they are to doze off or fall asleep in eight different situations 
commonly encountered in daily life on a 4-point scale (0=never doze off, 3=high chance of 
dozing) 120. Scores are summed and vary from 0 to 24. The measure has high 5-month test–
retest reliability (r =.82), as well as high internal consistency (Cronbach’s a=.88) 120.  
Empirical Sleepiness and Fatigue Scales. This measure was developed by our team 68 
through correlation and factor analysis of items from four popular measures purporting to 
measure sleepiness and fatigue. The two Empirical Scales represent different constructs that 
were found to have distinctive patterns of associations and were only minimally correlated 
with each other in three different samples (r ranged from .06 to .33). The Empirical Sleepiness 
Scale consists of 6 items from the Epworth Sleepiness Scale (items are scored on a 4-point 
scale, with a minimum total score of 0 and a maximum score of 18). Higher scores indicate 
greater sleepiness. The Empirical Fatigue Scale consists of 1 item from the Fatigue Severity 
Scale 121 and 2 from the Chalder Fatigue Scale 122; scoring uses a 6-point Likert scale (1 = 
strongly disagree, 6 = strongly agree), with a minimum score of 3 and a maximum score of 18. 




reliability (r = .69, to .91) as well as internal consistency (Cronbach’s alpha scores range from 
.74 to .95). 
Quality of Life: SF-36 Health Survey 123. This popular 36-item measure was used to 
assess quality of life in eight health domains: limitations in (1) physical activities because of 
health problems; (2) social activities because of physical or emotional problems; (3) usual role 
activities because of physical health problems; (4) bodily pain; (5) general mental health 
(psychological distress and well-being); (6) limitations in usual role activities because of 
emotional problems; (7) vitality (energy and fatigue); and (8) general health perceptions. 
Reliability data, based on both patient and non-patient samples 123 range from .64 to .96. The 
SF-36 has demonstrable validity in that the subscales were found to correlate with ability to 
work, utilization of health services, as well as other mental health and quality of life measures. 
Low scores on all subscales indicate disability due to illness; high scores indicate better 
functioning due to relatively good health. 
Beck Depression Inventory (BDI-II). The 7 item PC Subscale of the BDI-II 124was used to 
evaluate the affective and cognitive symptoms of depression independent of fatigue, 
sleepiness, insomnia and agitation. Beck et al. report that the test-retest reliability for PC 
Subscale is .82, while its internal consistency is .86. Items are scored on a 4-point scale (0-3). 
Scores are summed and produce a range from 0 to 21. Higher scores indicate greater 
depression. The PCI Subscale has no questions that inquire about non-refreshing sleep and, as 
a result, it measures distinct domains unique to depression. The 21 item BDI is one of the most 
frequently used measures of depression. As in the original version, the BDI-II also scores items 




indicate greater depression. A score over 20 is usually considered indicative of clinical 
depression, while scores of 13 or less are generally considered non-depressed. Scores from 14 
to 19 are generally considered "mildly depressed." The scale has excellent psychometric 
properties (internal consistency: r = .92; test-retest reliability: r = .93). A new feature of the 
BDI-II is the 7 item Primary Care (PC) subscale which evaluates the affective and cognitive 
symptoms of depression independent of fatigue, sleepiness, insomnia and agitation. Test-
retest reliability for this subscale is .82, while internal consistency is .86.125 
Société de l’assurance automobile du Québec (SAAQ) registered driving accident and 
violation reports. Frequency of accidents and violations recorded by police for the Quebec 
provincial automobile vehicle licensing board (SAAQ) are reported.  These items comprise all 
violations included in the Quebec Road Safety Code. Participants gave consent to obtain their 
5-year accident and violation record from the SAAQ.  Records on the previous 5 years were 
obtained from a SAAQ officer for all participants at T1, and for the previous 6 months at T2 126.  
Manchester Driver Behavior Questionnaire (DBQ) 127. This is a self-report 
questionnaire assessing driving incidents (i.e., errors and violations) used to measure driver 
behaviors. Participants are asked to indicate how often they commit each of 28 behaviors on 
a six-point scale (0 = never; 5 = nearly all the time). We used a version adapted to Canadian 
driving. Our study utilizes four factors developed by Sullman et al. in 2002: Errors, Lapses, 
Aggressive and Ordinary violations 128. 
Driving Violations Inventory.129 This is a self-report questionnaire, developed by our 
team, used to compare self-reported driving violations with registered driving violations using 




how often they commit each of the violations on the registered SAAQ violations list using a six-
point scale (0 = never; 5 = nearly all the time). This measure has high internal consistency 
(Cronbach’s a=.94). 
Procedure 
Time 1 (T1) - Baseline. 24 participants newly diagnosed with OSA and 23 Control 
participants (Controls) were recruited from one of two sleep clinics in Montreal.  Participants 
newly diagnosed with OSA were made aware of the study by their sleep medicine specialist at 
their follow-up appointment after polysomnography. They were asked for consent to have a 
member of the research team contact them to explain the study and request their 
participation. When OSA was diagnosed, the treatment offered was continuous positive airway 
pressure (CPAP). Once the sleep medicine physician prescribed treatment, it usually took 
several weeks to arrange a meeting with a sleep medicine technician, to choose a device that 
suited the patient. This time interval allowed us to complete all assessments at T1 for the OSA 
group before CPAP treatment was begun. Participants consented to allow us to obtain their 5-
year violation and accident record from the SAAQ.  
Time 2 (T2) –Participants with OSA only. To minimize attrition we followed 
recommendations noted by Tansey et al. 130. These include: collection of detailed contact 
information; sending out reminder letters with times and location of follow-up visits, placing a 
reminder phone message the day before a visit, making phone calls to maintain contact at least 
every 3 months during the interval between T1 and T2, and updating contact information at 




with usual medical care, without intervention from any of our team members. If participants 
were offered CPAP treatment, they met with technicians to purchase and receive their 
prescribed CPAP treatment. After 6 months (T2), the OSA group was re-tested: (1) self-
reported adherence to the CPAP treatment was evaluated in an open-ended interview (2) the 
questionnaire package was completed, (3) we collected SAAQ accident and violation records 
for the previous 6 months for T2 participants.   
Ethical approval 
The protocol was approved by the McGill University Research Ethics Board, the 
Université de Montréal Research Ethics Board as well as by the Research Ethics Boards of the 
Jewish General Hospital. All procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and its later amendments or comparable 
ethical standards. 
Statistical analysis 
To analyze the overall differences between OSA and Controls, t-tests were performed 
on fatigue, sleepiness, driving behaviors, depression, anxiety, nocturnal sleep parameters 
(WASO, TST, Sleep efficiency) and most aspects of health-related quality of life. Items from the 
ESFS were factor analyzed together with the single objective SAAQ driving records item: 
number of driving violations in registered driving records, for all participants. To address self-
reported adherence to CPAP treatment’s impact on sleepiness, fatigue and driving safety, 





Analyses on T1 data (baseline) 
Mean scores in Table 1 and t-test results show that drivers with OSA had significantly 
worse scores on fatigue and 4 aspects of health-related quality of life: physical functioning, 
role limitations due to physical health, body pain, general health, and energy/fatigue. There 
were no statistically significant differences between groups for sleepiness, driving violations, 
mood or sleep parameters. Our sample of participants with OSA did show correlations for 
fatigue and depression measures, r(24)=.471, p<.05, as well as sleepiness and depression, 
r(24)=.427, p<.05 (table 2). 
We then explored relationships between night time, daytime, health-related quality 
of life and mood variables with driving violations and the DBQ subscales in the OSA and Control 
groups. As shown in Table 2, in the OSA group, daytime sleepiness was negatively correlated 
with registered driving violations, r(24) = -.45, p < .05, whereas AHI was positively correlated 
with registered driving violations, r(24) = .42, p < .05. Furthermore, in the OSA group, sleep 
disorder symptoms were positively correlated, r(24) = .46, p < .05, with self-reported 
violations. In the Control group, psychological symptoms were strongly correlated with 
ordinary violations, driving errors and lapses while driving, r(24) = .54 to .68, p < .01. 
Additionally, driving errors were also associated with insomnia, r(24) = .42, p < .05, and self-
reported driving violations were associated with sleepiness for Controls, r(24) = .42, p < .05 
(Table 3).  
To evaluate whether poor driving was more closely linked to sleepiness or fatigue, all 




with the single objective item: number of registered driving violations in registered driving 
records, for all participants.  A Maximum Likelihood factor analysis of the 10 items, using 
Oblimin rotations, was conducted with 3 distinct factors linking registered driving violations to 
the Empirical sleepiness and fatigue scale items, explaining 53.91% of the variance. An Oblimin 
rotation provided the best-defined factor structure, where all items were retained. All items 
had primary loadings over .3. Violations from registered driving records had a loading of .364, 
however it was a primary loading. The factor loadings are presented in Table 4.  The number 
of driving violations item loaded with all 3 items of the ESFS that were specific to fatigue.   
Analyses on T2 data (6 month later) 
In the OSA group, 13 drivers reported being adherent and 11 reported being non-
adherent to treatment. Because of the small sample sizes, we opted for independent sample 
t-tests. We first wanted to analyze whether drivers who were later adherent to CPAP 
treatment had different profiles at baseline compared with drivers who later did not adhere 
to treatment. Table 5 demonstrates that for both groups there were no significant differences 
on AHI, number of registered driving violations, number of self-reported violations, total DBQ 
score, fatigue, and sleepiness (all n.s.). 
Subsequently, we expected that self-reported violations, fatigue and daytime 
sleepiness would be improved with CPAP treatment. We conducted paired-sample t-tests on 
pre- and post-treatment data on all three variables for drivers who were adherent to 




driving violations, fatigue, nor on daytime sleepiness (all n.s.). Unfortunately, violations from 
driving records were too few to be statistically analyzed. 
A chi-square test of goodness-of-fit was performed to determine whether fatigue and 
sleepiness were equally reported in the adherent and non-adherent groups. Fatigue and 
sleepiness were equally distributed in this sample, at baseline, X2 (2, N = 13) = 1.42, p = .23, 
and 6 months later, X2 (2, N = 13) = 1.53, p = .22.  Specifically, 69.2% of adherent participants 
who used CPAP >4 hours per night, at least 80% of the time, in the 6 months preceding post-
treatment testing, experienced sleepiness at baseline. After 6 months of CPAP therapy, 46.2% 
of the adherent participants still experienced sleepiness. Those who experienced sleepiness 
were the primary determinants of residual sleepiness 6 months later. To perform this 
comparison, prorated scale scores of the 6 sleepiness-related items in the ESFS (derived from 
the ESS) were computed to represent the 8 items of the ESS scale. On the other hand, 53.8% 
of adherent participants experienced fatigue at baseline, and, after 6 months of CPAP therapy, 
23.1% of the adherent participants still experienced fatigue. To perform this comparison, we 
analyzed the 3 items from the ESFS that pertain to fatigue. Cutoff scores from Bailes, Libman 
131 determined who was considered to be fatigued.  
Discussion 
Consistent with previous studies looking at daytime fatigue and daytime sleepiness as 
independent problems in apnea patients3,99, the present study demonstrated that levels of 
fatigue were higher for individuals with OSA than for those without. The factor analyses 




that were specific to fatigue. In contrast, levels of sleepiness were not shown to differ between 
the OSA and control groups. This was unexpected as previous studies showed that it is the 
excessive sleepiness that needed to be managed in the context of drivers with OSA.132,133 
In addition, our data did not show different driving profiles between drivers with OSA 
who were either adherent or non-adherent to treatment, nor did our data show that CPAP 
treatment decreased fatigue, sleepiness or the number of self-reported driving violations after 
6 months of treatment. This finding is novel and has not been previously assessed. Larger 
sample sizes would be needed to properly assess the important relationship between 
treatment of OSA and driving performance. 
There was considerable variability among individuals with OSA, and we were unable to 
identify a risk profile in our sample. Although other research has implicated problematic 
daytime sleepiness in increased crash risk, and individuals with OSA have commonly been 
designated as prototypically sleepy, most (92%) drivers with OSA in our sample had not been 
involved in a motor vehicle crash in the past 5 years. Results of our investigation clearly showed 
that based on the results of the Empirical Fatigue and Sleepiness Scale, an important 
percentage of individuals with OSA (30.8%) do not experience excessive daytime sleepiness. 
Many prior studies have also demonstrated that not all OSA patients experience excessive 
sleepiness.134-137 In fact, it is suggested that the presence of insomnia, level of alertness and 
metabolic conditions may have stronger associations with OSA than with sleepiness. For 
patients with OSA who do not experience sleepiness, recent studies reported that daytime 




treatment has little effect on the improvement of cognitive deficits, which can have an 
important impact on driving performance.138  
Furthermore, sleepiness in this group was not consistently related to driving violations. 
Registered driving violations significantly correlated with sleepiness for individuals with OSA, 
whereas a factor analysis on individual items of the ESFS identified 3 clear patterns of response 
associating fatigue with the number of registered driving violations (Table 4). Substantively, 
Table 2 shows self-reported sleepiness was associated with AHI, r(24)=.42, p<.05 (an objective 
measure of OSA severity), drivers with OSA reported significantly higher scores on fatigue, 
compared to controls, t(47)=3.23, p.01. However, drivers with OSA did not commit more 
driving violations than Controls overall.  
Also, drivers with OSA had self-reported daytime sleepiness that was negatively 
correlated with registered driving violations, whereas their AHI was positively correlated with 
registered driving violations. Possibly, variable correlation between objective measurement 
and subjective experience might explain some of the discrepancy between aspects of our data 
and previous reports, especially for the OSA population139,140 Although these findings are novel 
and have not been previously assessed, a larger sample would be needed to further the 
research examining the correspondence between self-report and objective measures of 
driving behavior. 
Several studies suggest that excessive fatigue in obstructive sleep apnea patients may 
be strongly influenced by depressive symptoms and not apnea severity. In our sample of 
participants with OSA as well, fatigue and depression, as well as sleepiness and depression, 




sleepiness measures that include psychological adjustment aspects seem promising for the 
development of a countermeasure device.103 
 The present report has few limitations.  The numbers of road accidents obtained from 
the SAAQ registry involving our participants were so few that we were limited in our capacity 
to measure the association between registered dangerous driving and OSA. Much of our 
driving behavior data was based on self-report, which may have resulted in report bias. In 
another study we did compare self-reported and registered driving violations. We found that 
individuals with OSA over reported driving violations, while the comparison individuals with 
no OSA underreported driving violations.141 Registered driving violations are only 
representative of the violations for which participants were caught. Driving violations were 
certainly committed but were not reflected in their registered driving records. Furthermore, 
our relatively small sample size did not allow for biological sex comparisons; future studies 
would benefit from a larger sample and attention to potential biological sex differences. 
Conclusions 
Fatigue plays a key role in driving behaviors, although the extent remains unclear. Our 
findings suggest that fatigue is as important a determinant of poorer driving performance as is 
sleepiness and AHI are for OSA severity. Future research in the area of driver fatigue should 
not only consider the methodological limitations of this study, but also include basic cognitive 
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Tableau II.Independent sample t-tests comparing driving behaviors in individuals with and 
without OSA 
M SD M SD t -test
Official driving violations 1.08 1.38 0.64 1.26 ns
Self-reported violations 13.90 12.36 12.17 10.31 ns
DBQ total score 87.98 22.24 86.00 18.97 ns
Sleepiness 10.00 3.57 8.00 3.69 ns
Fatigue 7.73 3.71 4.26 3.66 3.227 **
Depression 0.58 0.83 0.23 0.43 ns
Anxiety 0.83 0.82 0.64 0.73 ns
WASO 0.86 0.94 0.55 0.52 ns
Sleep efficiency 0.83 0.20 0.91 0.08 ns
TST 6.75 1.99 6.82 0.66 ns
SF-36:
     Physical functioning 70.00 27.62 93.91 7.68 -4.080 ***
     Role limitations due to physical health 64.58 40.99 94.57 10.54 -3.466 **
     Body pain 50.08 23.36 75.96 18.01 -4.263 ***
     General health 62.04 18.60 74.04 16.74 -2.327 *
     Energy/fatigue 47.40 18.44 66.52 18.12 -3.587 **
     Social functioning 71.35 25.66 83.70 21.13 ns
     Role limitations due to emotional problems 72.22 41.31 84.06 26.34 ns
     Emotional well-being 65.17 19.61 72.87 16.18 ns
*p <.05. **p <.01. ***p <.001.


















Tableau III.Correlations between driving violations, daytime functioning and sleep parameters for 
individuals with OS 
1 2 3 4 5 6 7 8 9 10 11 12 13
1. Official driving violations
2. Self-reported violations -0.076
3. Aggressive driving (DBQ) 0.126 -0.313
4. Ordinary infractions (DBQ) 0.08 -0.311 .884**
5. Errors (DBQ) 0.029 -0.155 .740** .770**
6. Lapses (DBQ) 0.107 -0.366 .540** .621** .819**
7. Beck Depression Inventory (total) -0.132 -0.016 0.325 0.331 0.259 0.16
8. Fatigue -0.106 0.268 0.063 0.105 0.159 0.028 .471*
9. Sleepiness -.450* 0.34 -0.074 -0.01 -0.172 -0.236 .427* .459*
10. Sleep efficiency 0.079 0.299 -0.159 -0.153 -0.223 -0.346 -0.155 -0.21 -0.22
11. TST -0.182 0.383 -0.02 -0.244 0.19 -0.009 -0.046 0.089 -0.05 -0.066
12. WASO -0.087 0.044 -0.086 0.195 -0.023 0.01 0.144 .469* 0.372 -0.134 -0.28
13 AHI .418* -0.112 -0.048 -0.031 -0.247 -0.107 -0.013 0.025 -0.152 0.167 -.468* .465*
*Correlation significant at the .05 level (bilateral).
** Correlation significant at the .01 level (bilateral).  
 
 
Tableau IV.Correlations between driving behavior, daytime functioning and sleep parameters for 
control group 











     Insomnia 0.174 -0.131 0.159 0.322 .424* 0.278
     Daytime symptoms -0.043 0.069 -0.09 0.031 0.078 -0.029
     Sleep Disorder symptoms 0.413 0.158 0.015 0.124 0.158 0.08
     Psychological symptoms 0.085 0.175 0.319 .645** .675** .539**
Fatigue 0.046 -0.011 -0.112 -0.138 -0.177 -0.265
Sleepiness -0.223 -.424* -0.154 -0.147 -0.278 -0.353
Sleep efficiency 0.165 0.084 0.037 -0.046 -0.036 0.119
TST -0.254 0.089 -0.227 -0.209 -0.142 0.063
WASO -0.24 -0.136 0.179 0.276 0.099 0.002













Tableau V. Exploratory Factory Analysis Factor Loadings for Actual Driving Violations and 
Sleepiness and Fatigue Scale items (n=47) 
1 2 3
Sitting and reading (ESS) 0.925 -0.293
Watching TV (ESS) 0.698 -0.286
As a passenger in a car for an hour when circumstances permit (ESS) 0.501 0.485 -0.421
I lacked energy (SFM) 0.484 0.849 -0.517
I started things without difficulty but got weak as I went on (SFM) 0.28 0.792 -0.287
Exercise brought on my fatigue (FSS) 0.538
Official driving violations 0.364
Sitting quietly after lunch without alcohol (ESS) 0.532 0.326 -0.931
Sitting, inactive in a public place (e.g., theatre, meeting) (ESS) 0.522 0.266 -0.621
Sitting and talking to someone (ESS) -0.452
Factors
Note . Loadings less than 0.20 were excluded. Factor loadings in bold type were considered for cluster 






















Tableau VI.Analysis of variance comparing driving behaviors and AHI between CPAP adherent and 
CPAP non-adherent drivers 
F -value Sig.
M SD M SD ANOVA
Sleep Variables
      Apnea-Hyponea Index 38.69 27.46 33.45 23.54 0.25 0.625
      Fatigue 7.04 3.49 8.55 3.96 0.98 0.332
      Sleepiness 9.50 3.29 10.59 3.95 0.54 0.468
      Sleep Efficiency 0.84 0.11 0.81 0.28 0.14 0.707
Driving-Related Variables
      Aggressive Driving (DBQ) 14.08 2.60 15.45 5.48 0.65 0.428
      Ordinary Infractions (DBQ) 25.00 6.36 28.27 10.83 0.85 0.367
      Errors (DBQ) 23.62 4.23 28.18 7.32 3.64 0.070
      Lapses (DBQ) 20.15 6.90 20.82 6.32 0.06 0.809
      DBQ Total Score 80.15 8.96 97.23 29.45 3.96 0.059
      Near Misses (in the last year) 1.69 0.48 2.27 0.47 8.92 0.007
      Registered Driving Violations (SAAQ) 1.08 1.44 1.09 1.38 0.00 0.981
      Self-Reported Driving Violations (DVI) 10.08 4.97 18.41 16.74 2.94 0.101
Psychological Variables
      Difficulty Concentrating 3.85 1.57 5.45 2.29 4.14 0.054





Tableau VII.Independent sample t-tests comparing driving violations, fatigue and sleepiness, before 
and after CPAP >4 hours a night (n=13) 
M SD M SD t -test
Self-reported violations 9.36 5.08 9.00 9.90 ns
Fatigue 6.86 3.77 4.41 4.02 ns
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Self-reported driving violations as a putative mirror measure 
of real-world driving quality in individuals with and without 
Obstructive Sleep Apnea 
 
The Driving Infractions Inventory 
 
Abstract 
Sleepiness is recognized as an important risk factor for risky driving and motor vehicle 
accidents. This study explores whether self-reported driving violations can be used as an 
accurate assessment of driving risk in individuals with obstructive sleep apnea (OSA). We 
recruited 29 participants with OSA and 29 age- and biological sex-matched controls, obtained 
governmental sourced driving records for all participants and administered a monotonous 
driving simulator task to measure driving performance. We administered the Driving Violations 
Inventory (DVI) to all participants—a self-report measure that asks participants to record 
which of the official list of violations were committed. Data from DVI were compared with 
official driving records and with driving simulator results. Drivers with OSA did not have more 
registered driving violations than the control group. The overall number of self-reported 
violations was highly correlated with the driving simulator lateral position variable only for 
drivers with OSA. There were no significant associations between the number of official driving 
violations and simulator deviation of the lateral position for either group. Our findings indicate 
that the DVI is an accessible measure that could mirror some of the risk associated with 






 Obstructive Sleep Apnea (OSA) is a highly prevalent disorder that affects at least 10% 
of adult males and 5% of adult females142,143. This sleep-disordered breathing is highly 
prevalent, with important public health outcomes144.  Severe OSA is associated with sleepiness, 
car crashes, depressed mood, cardiovascular and cerebrovascular morbidity, cognitive and 
metabolic dysfunction, and accelerated mortality145.  The disorder is primarily based on 
recurring episodes of partial or complete upper airway occlusion during sleep with associated 
sleep fragmentation; its most prominent daytime symptom is excessive sleepiness. Sleepiness 
itself is recognized as a major risk factor for risky driving and has been reported to account for 
5-7% of all motor vehicle accidents146,147, however, the role of sleepiness, as well as other risk-
related factors and co-morbidities in increased accident risk among individuals with OSA is not 
yet fully understood148-153.  In fact, the role and implications of daytime sleepiness and fatigue 
as distinct constructs in individuals with OSA needs to be further explored154. 
Multiple experimental studies using driving simulators or real city roads have made the 
link between driving performance and OSA38,40,155-157.  For example, lateral position on the road 
(diverging away from the center-line, “weaving”) is the traditional and most reliable indicator 
of decreased alertness in driving158,159. One study demonstrated that patients with severe OSA 
commit driving violations more frequently than age-matched control subjects during real 
world driving tests, suggesting greater inattention and thus potentially higher motor vehicle 
accident risk11. Another study indicated that naturalistic driving-related performance in less 
sleepy individuals with OSA, does not readily translate into safer driving 76,160,161. However, 




2014)—mainly focusing on crash risk76,88,162,163—and access to official driving records is very 
challenging.  One challenge is that official driving records only report violations committed and 
caught by officials; these may be very few over a five-year span (as we have found) and thus 
make statistical analysis difficult.   
The objective of the present study was to evaluate self-reported driving violations as a 
measure of real-world driving quality and to assess if it could be a more useful research tool 
than either driving simulation data or official driving records.  Specifically, we explored 
whether self-reported driving violations can be used as an accurate assessment of driving risk. 
We approached this question with the following steps:  
(1) We obtained official driving records—including violations and accidents— for both 
participants with OSA as well as for healthy control subjects; 
(2) We designed and used the Driving Violations Inventory (DVI), a self-report measure 
that asks participants to record which of the official list of violations were committed; 
(3) We administered a monotonous driving simulator task to measure driving 
performance; 
(4) Data from the self-report measure were compared with official driving records, 
obtained from governmental sources and with driving simulator results.  
Methods 
Ethics Approval 
The present study was part of a larger investigation on OSA and risky driving carried 




Board, the Université de Montréal Research Ethics Board as well as by the Research Ethics 
Boards of the Jewish General Hospital.  We were granted permission by the Société de 
l’assurance automobile du Québec (SAAQ)—the provincial body regulating driver’s licenses, in 
Quebec, Canada—to obtain driving records for all participants. Potential participants were 
informed about all aspects of the study, including obtaining official government driving 
records. 
Participants 
We recruited 58 individuals who were non-commercial drivers, (mean age= 50.78, 
SD=11.13) through a sleep clinic. Of these, 29 (15 females, 14 males) were newly diagnosed 
with OSA, between the ages of 25 and 65. We selected adults under the age of 65 in order to 
avoid the many health conditions that are more prevalent in the over 65 age group. A 
comparison sample of 29 individuals (Control Group), matched for age and biological sex, with 
no complaints of fatigue, sleepiness or sleep problems was either recruited at the sleep clinic 
(e.g. accompanying partners, family members, friends) after sleep apnea was ruled-out (n=10), 
or from the community through posters (n=19). We verified that the different recruitment 
approaches yielded no differences on sleep parameters, quality of life, psychological profiles 
or driving parameters, i.e. control participants recruited from sleep clinics were not statistically 
different from control participants recruited from the community.  
Potential participants were informed of all aspects of the study and screened for eligibility. 
Exclusion criteria were: inability to function in English or French, not having a valid driving 




disease with end-organ effects (e.g., heart attack, stroke, and congestive heart failure). To rule 
out the presence of fatigue or sleepiness, Control Group participants were administered the 7 
item Sleep Disorder subscale of the Sleep Symptom Checklist (SSC), and were administered the 
Breabon MediByte® home monitoring device to confirm the absence of OSA (Apnea-Hyponea 
Index less than 5). We evaluated all control participants at baseline. All participants completed 
a questionnaire battery related to driving behaviour and psychological adjustment; we 
obtained official accident and driving violations records for all participants. Participant 
demographics results are available in Table 1. 
Procedure   
Participants with OSA were made aware of the study by their sleep specialist at their 
follow-up appointment after their polysomnography sleep study. They were asked for consent 
to have a member of the research team contact them to explain the study and request their 
participation. Control participants were contacted directly by the researchers.  
All potential participants were sent two copies of the information and consent form, a 
questionnaire package, and a self-addressed stamped envelope to return completed materials 
to our laboratory.  
When the completed questionnaires were returned, we verified that we had permission to 
retrieve the 5-year accident record from the SAAQ records for all the participants, both with 
OSA and their age- and biological sex-matched participants without OSA.  
When OSA is diagnosed, the usual treatment offered is continuous positive airway pressure 




arrange meetings with a sleep medicine technician to choose a device that suits the patient. 
This time interval allowed us to complete all assessments for the OSA group before CPAP 
treatment began.  
Measures 
Polysomnography (PSG). Unrelated to this study's protocol, participants suspected of 
having OSA were prescribed an over-night sleep study by a sleep medicine physician. Nocturnal 
PSG was used to obtain sleep parameter scores (i.e., frequency of nocturnal arousals, total 
sleep time, sleep onset latency, wake after sleep onset, and sleep efficiency) as well as OSA 
related factors (i.e., nocturnal profile of oxygen saturation (O2%), apnea hypopnea index (AHI) 
and respiratory event -related arousal from sleep). Participants were monitored in a 
supervised, participating sleep laboratory from 10:00 PM to 7:00 AM. Monitoring included: 
electroocularogram (EOG), electroencephalogram (EEG), bilateral anterior tibialis and chin 
electromyogram (EMG), electrocardiogram (ECG), pulse oximetry, nasal and oral airflow with 
thermistor and nasal pressure cannulae, microphone for snoring, and respitrace bands for 
measurement of respiratory effort. Apnea events and associated arousals were scored 
manually per scoring rules established by the American Academy of Sleep Medicine. An apnea 
event was defined as cessation of breathing lasting 10 seconds or more. Hypopneas were 
scored when there is a 30% or more decrease in airflow with 3% or more oxygen desaturation 
or a subsequent cortical arousal. Scoring sleep began at lights out and stopped when the 
participant arose in the morning. The sleep laboratory is certified by the American Academy of 




information from the participants’ polysomnography records: basal oxygen saturation 
(SpO2%), respiratory distress index (RDI), and apnea hypopnea index (AHI). 
Home Polysomnography Assessment (Braebon, MediByte ©). Type 3 portable 
monitor for screening of OSA in Control participants. This device has been compared with 
overnight  laboratory polysomnography and found to provide a close estimate of the 
apnea/hypopnea index (AHI) as well as excellent diagnostic sensitivity and specificity for OSA 
in a sample of patients with suspected OSA166. This device records pulse oximetry, nasal airflow 
with nasal pressure cannulae, microphone for snoring, and respitrace bands for measurement 
of respiratory effort. Records underwent automated scoring which was validated by visual 
inspection of the raw data disclosed in 10-minute epochs. Healthy control group participants 
underwent home sleep recording to screen for the presence of OSA. Participants slept at home 
and, on a night without any unusual upper respiratory tract symptoms such as acute nasal 
congestion, recorded the time between when they turned off the lights to go to sleep and the 
time they awoke in the morning. Respiratory disturbance indices were adjusted for any time 
spent with invalid recording or persistent movement suggesting wakefulness. 
 Demographics: Background Information Form167-169. This measure collects information 
on biological sex, age, marital status, living conditions, and employment.  
Driving Violations Inventory. Inventory of 32 driving violations listed by the SAAQ170. 
Participants are asked to indicate how often they committed each of the violations on a six-
point scale (0 = never; 5 = nearly all the time). Cronbach’s alpha is 0.94. (Inventory presented 




Official driving records. Official driving records from the SAAQ. 32 driving violations 
can be recorded by the SAAQ for each participant, including information on demerit points and 
frequency of driving violations. For each participant, data on accidents are provided by 
frequency and rated by severity (not severe to deadly).  
Driving Simulator71,171.  Driving simulation tests were conducted at the Université de 
Montréal’s driving simulator laboratory. The simulator consisted of a complete automobile, 
including fully functional pedals and dashboard, a high-resolution projector, and a large screen. 
Simulated highway images were designed using actual Canadian geometric route design 
standards. The moving images were generated by a compatible computer. During a simulation 
test, the location of the pedals and the location and speed of the vehicle were recorded. A 
potentiometer attached to the steering column allowed detailed recording of steering wheel 
movements171. Data were analyzed at 3 time periods: after 20, 40, and 60 minutes. Three 
measures were obtained for each of the 3 time periods (mean lateral position, mean speed, 
and mean orientation of steering wheel (lower scores indicate better performance).  
Analyses 
 A Mann-Whitney U test was conducted to compare self-reported driving violations and 
officially recorded driving violations. Correlations were also performed to verify whether 
higher (i.e. worse) scores on the DVI were associated with higher experimental or simulator 
standard deviation values for lateral position in the driving simulator. We also performed a 
Fisher’s exact test to evaluate which driving violations in the DVI were more reported by each 
of the groups. Finally, a discriminant analysis was used to test the hypothesis that participants 
with OSA would differ significantly from individuals without OSA on self-report items in the 
DVI.  We also performed a Wald test in the context of logistic regression where we allowed for 




variable was significant or not. We then performed a discriminant analysis to verify whether 
the DVI is an appropriate tool for identifying participants with OSA. Finally, correlations were 
performed on a subset of participants (OSA groups n=13, Control group n=7) who were 
available to complete the monotonous driving simulation task to verify whether higher (i.e. 
worse) scores on the DVI would be associated to higher experimental or simulator standard 
deviation values for lateral position in the driving simulator task. Attrition for this section of 
the analyses was related to participant availability and whether they experienced motion 
sickness during the task. 
Results 
Participants in both groups reported significantly more violations than were officially 
recorded: Individuals with OSA reported 7.35 times and control subjects reported 12.65 times 
more violations than in their officially recorded file. However, given the non-normal nature of 
our data distribution, a Mann-Whitney test indicated that there were no differences between 
individuals with OSA (Mdn=8) and control (Mdn=7) subjects for self-reported driving violations, 
p =.591, and official registry recorded violations (Mdn=0; Mdn=0, respectively), p =.124. 
Frequency counts revealed that the OSA group reported a total of 250 driving violations; the 
Control group reported 253 driving violations. Frequency counts from official driving records 
revealed 34 official driving violations for the OSA group, and 20 driving violations for the 
Control group. Odds ratio analyses indicated that the difference between groups was not 




 Binary data comparisons on self-reported violations between groups revealed that 3 
items from the DVI showed differences between the OSA and Control groups with a p-value 
lesser than 0.1. First, there is a trend for control participants endorsing item 14—Failure to 
come to a mandatory stop at a level crossing (p=0.070), where the odds of an individual with 
OSA reporting this violation is less than the odds of a control participants reporting this 
violation (odds ration 0.26). On the other hand, item 25—Sudden braking without cause 
(Fisher’s exact test p=0.003)—showed that the odds of an individual with OSA reporting this 
item are 6.8 times higher than that of a control participant (95%CI 2.0-22.9). However, item 
30—Driving with the presence of alcohol in the body (Fisher’s exact test p=0.024)—showed 
that the odds of an individual with OSA endorsing this driving violation are less than that of a 
control participant (odds ratio 0.22, 95%CI 0.07-0.75). Entered explanatory variables item 14 
(p=.027), item 25 (p=.005) and item 30 (p=.294) showed that they correctly predicted 69% of 
group memberships for all subjects. The test showed a model that correctly predicted 82.8% 
of group memberships. The variables retained by the Wald test in this model were item 2 
(p=.014), item 14 (p=.003), item 23 (p=.034) and item 25 (p=.002).   
To verify whether the DVI is an appropriate tool for identifying participants with OSA, 
we performed a discriminant analysis using the inventory’s scores for all participants. The 
overall Chi-square test was significant (Wilks λ = .330, Chi-square = 44.851, df = 29, Canonical 
correlation = .818, p <. 05); 91.2% of the cases were correctly reclassified into their original 
categories. In other words, of the 29 cases that were predicted to be in the OSA group, 26 were 




Analyses on the driving simulator data revealed that for participants with OSA, the 
overall number of self-reported violations was strongly correlated with the standard deviation 
lateral position variable of the driving simulator, r(13) = .64, p < .05 (Table 2). There was no 
such association for Control participants (Table 3). Moreover, there were no significant 
associations between the number of official driving violations and experimental standard 
deviation lateral position for either group. The standard deviation of lateral position is 
significantly higher for participants with OSA (M=.653, SD=.062) than for Controls (M=.588, 
SD=.039); t(18)=2.539, p = .034 (see table 4 for means). A previous report has suggested that 
the last 20 minutes of the hour-long task may account for those differences, where participants 
with OSA may possibly be particularly sensitive to longer driving periods172.  A larger sample 
size would be needed to verify this.  
Limitations 
Although data on accidents were collected, the number was too low to be considered 
for statistical analyses (5 total, for n=58). The data presented in this paper are more a reflection 
of drivers’ aptitudes and potential risk of committing driving violations than of actual accident 
or crash risk.  
Also, Control participants were matched for age and biological sex. While matching is 
intended to reduce confounding, we also wanted to benefit from a gain in efficiency. The linear 
regression may have yielded a significant model, but, in reality, a higher percentage of men 
are diagnosed with OSA.173 Though, more studies are beginning to show that women with OSA 




In the driving simulator task, a deterioration over time was demonstrated for 
participants with OSA after 40 minutes of driving. Due to the low number of participants, we 
did not elaborate on this, but it would be interesting to verify with a larger sample in the future. 
Lastly, the DVI is a self-reported measure. Our data shows that all participants reported 
several times more driving offenses than the number of offenses found in their driving records; 
It is likely that outside of an experimental confidentiality context, individuals may be more 
reluctant to disclose driving misbehaviors. It is known that self-reported data is a reflection of 
participants’ response styles, response sets and memory.175 
Conclusions and discussion 
The DVI, is a novel measure that mirrors all possible violations listed by an official 
government driving agency. Our findings indicate that, it is accessible, meaningful, and. may 
be a simple tool to help identify a risky driver who is likely to weave while driving. The latter is 
an acknowledged potential warning sign of driving performance and accident risk176 
 Identifying drivers with OSA who may be at risk of dangerous driving is a challenge for 
primary care practitioners. Questioning the driver or the driver’s passenger about frequency 
of sudden braking or weaving might indicate that further evaluation is needed.   Our data 
suggest that drivers with OSA may need more frequent rest stops to maintain driving quality. 
 Notably, all participants, with and without OSA, reported significantly more driving 
violations than recorded in their official driving files; no differences were found in the number 
of driving violations between participants with OSA and control subjects. This is a reminder 




by a law enforcer. Participants with OSA did report 41% more driving violations than did 
individuals without OSA. This difference was found not statistically significant, but further 
evaluation in the context of a larger sample is indicated.   
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  Lateral position 
Self-reported driving 
violations 
Self-reported driving violations .638*  
Actual driving violations .385  .067 
*. The correlation is significant at the 0,05 level (bilateral). 
  
  
Tableau IX.Correlations between driving violations and lateral position for Control group (n=7) 
   
 
  Lateral position 
Self-reported driving 
violations 
Self-reported driving violations -.002  
Actual driving violations -.293 .006 
*. The correlation is significant at the 0,05 level (bilateral). 
  
 
Tableau X.Means and standard deviations of driving violations and lateral position 
      
 
  OSA   Controls 
 Means SD  Means SD 
Self-reported driving violations (DVI) 8.62 5.07  8.72 7.16 
Actual driving violations (SAAQ) 1.17 1.36  0.69 1.17 
















For each item below, please indicate how often this has happened in the past five (5) years. 
 
0 = never 
1 = hardly ever 
2 = occasionally 
3 = quite often 
4 = frequently 
5 = nearly always 
1. Excessive Speeding by 11 to 20 km/h 0 1 2 3 4 5 
2. Excessive Speeding by 21 to 30 km/h 0 1 2 3 4 5 
3. Excessive Speeding by 31 to 45 km/h 0 1 2 3 4 5 
4. Excessive Speeding by more than 45k/h 0 1 2 3 4 5 
5. Excessive speeding through road work 0 1 2 3 4 5 
6. Prohibited passing on the left 0 1 2 3 4 5 
7. Prohibited passing on the right 0 1 2 3 4 5 
8. Prohibited passing in a lane reserved for oncoming traffic 0 1 2 3 4 5 
9. Accelerating when being passed 0 1 2 3 4 5 
10. Passing a bicycle too closely in a travel lane 0 1 2 3 4 5 
11. Zigzagging to pass 0 1 2 3 4 5 
12. Failure to obey a red traffic light 0 1 2 3 4 5 
13. Failure to obey a stop sign 0 1 2 3 4 5 
14. Failure to come to a mandatory stop at a level crossing 0 1 2 3 4 5 
15. Failure to stop before turning right at a red traffic light (where permitted) 0 1 2 3 4 5 
16. Passing a school bus 0 1 2 3 4 5 
17. Failure to obey the order or signal of a peace officer, school crossing guard or flag person 0 1 2 3 4 5 
18. Prohibited driving in reverse 0 1 2 3 4 5 
19. Prohibited crossing of a line marking off lanes 0 1 2 3 4 5 
20. Speeding or reckless driving 0 1 2 3 4 5 
21. Driving for a wager or stake or in a race 0 1 2 3 4 5 
22. Prohibited use of a tunnel by a vehicle carrying dangerous substances 0 1 2 3 4 5 
23. Driving at a speed too fast for weather or road conditions 0 1 2 3 4 5 
24. Tailgating 0 1 2 3 4 5 
25. Sudden braking without cause 0 1 2 3 4 5 
26. Failure to yield to pedestrians and cyclists at an intersection 0 1 2 3 4 5 
27. Failure to yield to oncoming traffic 0 1 2 3 4 5 
28. Failure to wear a seat belt 0 1 2 3 4 5 
29. Failure of a driver involved in an accident to do his or her duty 0 1 2 3 4 5 
30. Driving with the presence of alcohol in the body 0 1 2 3 4 5 
31. Failure to provide a breath sample 0 1 2 3 4 5 






Conclusions et discussion 
Discussion 
Daytime sleepiness has long been known to be a consequence of untreated OSA.120 
According to a recent study, OSA is also associated with decreased vigilance and 2- to 7-fold 
increased risk of motor vehicle crashes.53  It has been demonstrated that neurocognitive 
deficits occur with a high frequency in OSA.  These deficits can affect any cognitive domain, 
such as learning, memory, and attention.177  Ayalon, Ancoli-Israel 37 have found that the frontal 
and parietal cortices are abnormal in OSA patients.  Moreover, they performed fMRIs in 
patients with OSA and showed decreased brain activation in cingulate, frontal, and parietal 
regions during the performance of sustained attention tasks as compared with control 
subjects.37 That study also found that slower mean reaction time, with decreased brain 
activation in areas involved in arousal and attention, response selection, motor response, and 
decision making were significantly associated with AHI. Interestingly, the present study found 
that AHI was correlated with the number of registered driving violations (Table 11, in 
appendix). This study also showed that drivers who were adherent to CPAP treatment were 
initially reporting fewer near-misses in the last year, and less difficulty concentrating than did 
the non-adherent group at baseline (Table 12, in appendix). However, the present results did 
not support the hypothesis that CPAP treatment would improve driving performance.  
The cognitive profile of OSA identifies attention, episodic memory, working memory 
and executive function as the cognitive domains most affected.  More specifically, individuals 
with OSA show impairment on sustained, selective and divided attention: when compared to 
controls, Individuals with OSA manifest more lapses and/or longer reaction times in tasks 
requiring sustained attention, selective attention or vigilance.5 Furthermore, it has been shown 





Driver fatigue has been described as a feeling of tiredness and reduced alertness when 
driving which impairs capability and willingness to perform the driving task.179 However 
commonly used self-reported measures may confound fatigue with other symptoms of sleep 
apnea (ex.: excessive fatigue in obstructive sleep apnea patients may be strongly influenced 
by depressive symptoms and not apnea severity). Currently, measurements of fatigue include 
psychological measurements (i.e. self-reported fatigue), video measurement (i.e. facial 
expression, reaction time, steering errors and lane deviation), and physiological 
measurements such as electroencephalography (EEG, i.e. brain signal measurement), 
electrooculography (i.e. eye tracking), and electrocardiography (i.e. heart rate variability 
associated with fatigue). EEG is considered to be a significant and reliable method of detecting 
fatigue, as it detects changes in brain wave activity associated with fatigue.180 A 
countermeasure for fatigue based on brain activity that monitors fatigue when performing 
tasks such as driving is a practical approach for lowering risks of fatigue-related accidents. Such 
a measure could be used in a real driving context, and perhaps go as far as alerting drivers 
when they may be at risk. 
In contrast, it has been confirmed in experimental studies using driving simulators, that 
there are higher rates of off-road incidents and lane deviations following sleep 
deprivation.158,181-183 It is safe to assume that a sleep disorder such as OSA, which restricts or 
disrupts sleep and causes some level of sleep loss, would result in substantial daytime 
sleepiness.1848,9 For the driving simulator task in this study, Figure 2 in appendix shows that 
there was no significant difference between the OSA and Control groups for the first 2 sections. 
In the third section, there was a non-significant decrease in lane position variability in the 
driving simulator task for control participants; participants with OSA steadily increased lane 
position variability throughout the task (p=.063). Overall these data indicate that the OSA and 
Control groups did not differ significantly on either the registered driving violations and 
accidents nor on any self-reported driving measure, contrary to what would be expected.  
However, on the driving simulator, there was some suggestion that at least one aspect of 
performance for participants with OSA deteriorated in the third section of the task (i.e. after 




study with a larger sample size would be required to confirm these preliminary results. 
Nonetheless, it would be appropriate that drivers with OSA should be alerted to their particular 
sensitivity toward long distance driving.  
Objective clinical measures of daytime sleepiness such as the MSLT have been shown 
to be useful at discriminating between sleepy vs alert drivers with OSA.53 More specifically, a 
study found that simulated-driving performance (i.e. road lateral position and crash 
occurrence) was correlated with sleep latency on the MSLT, demonstrating discriminability 
between sleepy versus alert drivers with OSA.185 However, such associations are not 
represented in real driving performances.53 An earlier study found that age, AHI and MSLT 
were not significant predictors of riskier driving.156 Though the MSLT is also a less accessible 
measure due to its costly and timely nature, it may have provided this study with more 
discriminatory power for identifying riskier drivers with OSA within the driving simulation task. 
Limitations of the present study described in the above chapters could benefit from including 
MSLT as a measure for sleepiness/alertness. 
By the same token, sleepiness is a known symptom of psychiatric illnesses. Psychiatric 
illnesses can affect sleep and wakefulness and psychotropic medications may affect normal 
patterns of sleep.186 Sleep disorders such as OSA and psychiatric conditions often coexist.186 A 
poor understanding of the relationship between these comorbidities may result in 
misdiagnosis and undertreatment.187-189 More importantly, this may be a concern for personal 
and public safety, particularly for drivers. Although individuals with acute psychiatric illnesses 
were excluded from this study, data on psychotropic drug use were not collected or accounted 
for. Such data could contribute to the better understanding of treatment trajectory and, again, 
driving behavior. 
Conclusions  
The purpose for this project was to review current guidelines on driving and OSA, 
attempt to identify a distinct behavioral profile associated with poor driving performance in 




risk associated with OSA. Specifically, the preceding chapters addressed these issues by 1) 
assessing whether levels of fatigue and sleepiness differ in individuals with OSA from those 
without OSA and how they relate to driver performance, 2) assessing the effect of CPAP 
treatment on driving performance, and 3) exploring whether self-reported driving violations 
can be used as an accurate assessment of actual driving risk.  
The first chapter makes clear that there is a lack of uniformity in existing consensus and 
guidelines as to how to deal with the issue of driving with OSA. Because conclusions from 
numerous studies have been inconsistent, it is, in fact, difficult to have clear guidelines for this 
population. Individual differences and variability are important aspects to consider, especially 
for clinicians assessing fitness-to-drive. 
In the second chapter, it was demonstrated that drivers with OSA did not commit more 
documented driving violations than control participants, however, a correlation showed that 
sleepiness was related to a higher number of actual driving violations for drivers with OSA, 
Factor analysis revealed a strong association between fatigue and official driving violations for 
both groups of drivers - with and without OSA .Notably, there was considerable variability 
among individuals with OSA, and we were unable to identify a risk profile in our sample. 
Somewhat surprisingly, no differences were found on symptoms of fatigue, sleepiness or 
number of violations reported in drivers with OSA before and after treatment.  
The third chapter demonstrated that the DVI successfully identified drivers with OSA 
who deviate from the road lateral position in the driving simulator—a commonly used measure 
of dangerous driving, indicating this measure may be useful as a more accessible tool than the 
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Discussion figure and tables 






Psychologica l  
adjustment 
(SSC Subscale)
Mental  Health 
(SF-36)
Driving Simulator Variables (n=13):
     Mean speed -.468 .169 -.366 -.263 -.389 -.337 .266
     Mean lateral position .050 .192 .108 .140 -.291 -.349 .281










Psychologica l  
adjustment 
(SSC Subscale)
Mental  Health 
(SF-36)
Driving Simulator Variables (n=11):
     Mean speed -.500 .053 -.385 -.518 .136 .364 -.673*
     Mean lateral position -.357 .248 -.337 .361 .075 .343 .376
     Mean orientation of steering wheel .169 -.343 .294 -.031 .058 .155 -.273
Note. *p<.05.  
 















High/ low fatigue; high/ low sleepiness and driving behaviour.   
We predicted that high scores on sleepiness and fatigue measures, regardless of group 
– OSA or Control – would be related to poorer driving. Since our previous research showed 
that not all individuals with OSA reported significant sleepiness or fatigue, we explored the 
role of high and low sleepiness and fatigue in participants with and without OSA in driving 
characteristics and behaviour. We calculated median splits, for fatigue and sleepiness scores, 
for the entire sample of 58 participants, and then re-allocated them into their respective OSA 
or Control group. On the sleepiness variable, the median split yielded the following 4 groups: 
High Sleepy OSA (n=20), Low Sleepy OSA (n=9), High Sleepy Control (n=11), Low Sleepy Control 
(n=18). For the fatigue variable, the median split yielded the following groups: High Fatigue 
OSA (n=21), Low Fatigue OSA (n=8), High Fatigue Control (n=8), Low Fatigue Control (n=21). 
Table XIII presents mean scores and standard deviations on Sleepiness for the 4 
High/Low OSA and Control groups.   A series of 2-way ANOVA's (OSA, Control groups x high/low 
sleepiness) were carried out separately for the following 9 driving variables: number of actual 
driving violations, number of self-reported driving violations, DBQ subscales and DBQ total 
score (Table 6). There was a significant main effect for high vs. low sleepiness only for the 
documented violations variable; there was no significant effect for group (OSA/Control) or 










Tableau XIII.Differences in number of infractions and driving behaviors for high- and low-sleepiness, 
OSA and Control group 
Mean SD Mean SD Effect df F
     High sleepiness 0.85 1.23 1.00 1.30 Group 1, 57 4.95
     Low sleepiness 1.89 1.45 0.00 0.00 Sleepiness 1, 57  7.15*
Group * Sleepiness 1, 57 0.19
     High sleepiness 16.93 15.74 13.90 17.78 Group 1, 57 0.01
     Low sleepiness 10.33 8.73 11.11 9.84 Sleepiness 1, 57 1.26
Group * Sleepiness 1, 57 0.23
     High sleepiness 14.65 4.11 15.15 6.15 Group 1, 57 0.81
     Low sleepiness 14.33 3.16 17.89 7.98 Sleepiness 1, 57 0.17
Group * Sleepiness 1, 57 0.38
     High sleepiness 27.85 8.88 24.75 9.63 Group 1, 57 0.20
     Low sleepiness 25.00 6.14 26.44 8.35 Sleepiness 1, 57 0.58
Group * Sleepiness 1, 57 0.18
     High sleepiness 25.90 6.21 24.85 8.63 Group 1, 57 0.41
     Low sleepiness 26.78 5.09 25.56 5.00 Sleepiness 1, 57 0.00
Group * Sleepiness 1, 57 0.18
     High sleepiness 20.10 5.77 19.15 6.04 Group 1, 57 1.08
     Low sleepiness 22.78 6.63 21.06 3.88 Sleepiness 1, 57 0.49
Group * Sleepiness 1, 57 0.95
     High sleepiness 95.43 27.99 91.30 24.11 Group 1, 57 0.01
     Low sleepiness 78.78 14.77 79.11 12.84 Sleepiness 1, 57 2.03
Group * Sleepiness 1, 57 1.31





Ordinary infractions (DBQ subscale)
Driving errors (DBQ subscale)
Lapses while driving (DBQ subscale)
Self-reported infractions
Aggressive driving (DBQ subscale)
Number of official infractions
*Low sleepiness > high 
sleepiness
OSA group (n=29) Control group (n=29)
 
Table XIV presents mean scores and standard deviations on Fatigue for the 4 High/low, 
OSA/Control groups, as well as the results of 2-way ANOVAs conducted on the 7 driving 
variables. In this series of analyses, a significant main effect for Fatigue was found on the Total 
DBQ score; the high Fatigue category had worse scores than the low Fatigue category 
regardless of OSA diagnosis. There was no main effect for group (OSA vs. Control) and no 





Tableau XIV.Differences in number of infractions and in driving for high- and low-fatigue, OSA and 
Control group 
 
Mean SD Mean SD Effect df F
     High fatigue 1.14 1.32 0.50 0.76 Group 1, 57 2.23
     Low fatigue 1.25 1.58 0.76 1.30 Fatigue 1, 57 0.24
Group * Fatigue 1, 57 0.04
     High fatigue 16.98 3.43 10.63 2.51 Group 1, 57 0.04
     Low fatigue 9.38 2.34 13.95 3.91 Fatigue 1, 57 0.24
Group * Fatigue 1, 57 1.55
     High fatigue 14.67 1.08 14.75 6.88 Group 1, 57 0.50
     Low fatigue 14.25 2.43 16.48 6.80 Fatigue 1, 57 0.16
Group * Fatigue 1, 57 0.43
     High fatigue 27.38 8.53 26.75 13.31 Group 1, 57 0.12
     Low fatigue 25.88 7.38 24.71 7.33 Fatigue 1, 57 0.47
Group * Fatigue 1, 57 0.01
     High fatigue 26.81 5.75 23.88 8.34 Group 1, 57 0.23
     Low fatigue 24.50 6.00 25.52 7.47 Fatigue 1, 57 0.03
Group * Fatigue 1, 57 0.97
     High fatigue 21.24 5.78 19.38 7.73 Group 1, 57 0.37
     Low fatigue 20.13 7.10 19.88 4.56 Fatigue 1, 57 0.03
Group * Fatigue 1, 57 0.22
     High fatigue 96.60 27.05 95.00 21.97 Group 1, 57 0.50
     Low fatigue 73.63 9.74 84.67 21.55 Fatigue 1, 57 6.20*
Group * Fatigue 1, 57 0.89
Notes. *p<.05. High fatigue OSA group (n=21), Low fatigue OSA group (n=8), High fatigue Control group (n=8), and Low fatigue Control group (n=20).
Bonferroni Comparisons
ANOVA results
*High fatigue > Low 
fatigue
Lapses while driving (DBQ subscale)
Total DBQ score
Ordinary infractions (DBQ subscale)
Driving errors (DBQ subscale)
Self-reported infractions
Aggressive driving (DBQ subscale)
OSA group (n=29) Control group (n=29)
Official infractions
 
Violation track record: A chi-square test of independence was performed on the entire 
sample to examine the relation between High/Low fatigue and the presence of actual 
violations (SAAQ).  The relation between these variables was not significant, X2 (2, N = 58) = 
.43, p=.596; i.e. high-fatigue individuals were not more likely to have at least 1 driving violation 
in their SAAQ records than the low-fatigue individuals.  Another chi-square test of 
independence was performed to examine the relation between High/Low sleepiness and the 




X2 (2, N = 58) = .83, p=1.00; i.e. high-sleepiness participants were not more likely to have at 
least 1 driving violation in their SAAQ records than the low-sleepiness individuals.   
Driving simulator: It is important to note that the sample sizes in this section are small; 
a study with a larger sample size would be required to confirm these preliminary results. The 
comparison of data on the 3 driving simulator tests using a multivariate analysis of variance 
(MANOVA) did not show differences between participants with OSA and controls according to 
high/low Fatigue or Sleepiness categories. However, a repeated measures analyses on driving 
simulator data by time interval (section 1, section 2, section 3) identified a general effect of 
the fatigue variable that was apparent only after 35-40 minutes of driving (see Figure 4). A 
significant increase in lane position variability was evident as the drive progressed for the 
majority of participants who had high scores on the Fatigue Scale. After 40 to 45 minutes, only 
the performance of participants with OSA who also had high scores on the fatigue scale, 
deteriorated significantly on the standard deviation of the lateral position (see figure 3). The 
latter measure is the traditional and most reliable indicator of decreased alertness in driving. 
In summary, Fatigue had an important effect on simulator driving; participants both with and 
without apnea deteriorated on driving aspects. This effect was more pronounced in individuals 
with OSA but only after having driven for an extended period while driving a monotonous route 
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We also examined whether individuals with OSA who have low daytime fatigue and 
sleepiness scores would resemble their Control Group counterparts on driving performance.  
Data are available for 32 individuals (18 with OSA, 14 Controls).  Participants with OSA who 
were in the low-Fatigue (n=8), and low-Sleepiness (n=6) categories were selected and 
compared with an age and gender-matched Control sample (n=14).   When comparing 
participants with OSA in the low Sleepiness category with Controls, there were no significant 
differences on any variable (variations in lateral position, speed variations, variations in 
orientation) throughout the whole course of the simulation task.  When looking at Fatigue, a 
single difference appeared in the final 20 minutes of the task; variations of lateral position 
were statistically different between participants with OSA low-fatigued individuals (M=.244, 
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